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AN APPARATUS FOR CONTINUOUS DIALYSIS OR 
EXTRACTION.* 


By HUBERT MANN. 
(From the Chemical Laboratory, Montefiore Home and Hospital, New York.) 


(Received for publication, August 19, 1920.) 


The apparatus was constructed during the course of some 
work in which it was necessary to carry out dialysis under reduced 


pressure. 

The apparatus consists essentially of a flask, a condenser, and a 
vessel so arranged that the system may be evacuated and that 
liquid placed in the apparatus may be caused to circulate by 
means of continuous evaporation and condensation. Substances 
that will pass into solution are extracted and concentrated under 


thermal and chemical conditions favorable for the preservation 
of labile and easily decomposed compounds. 

Fig. 1 is a drawing of the apparatus. The flask, F, is equipped 
with a ground joint, J, provided with a mercury cup. H is a 
heating unit suitable for heating the flask, F. An incandescent 
bulb may be used.  s is a stop-cock attached to a short tube. T 
is a condenser tube and C is the condenser. V is a vessel fitted 
with a ground stopper, S, provided with a mercury cup. B is a 
bag of collodion, cloth, or other material suspended in the vessel, 
V. tis a narrow tube through which fluid in V can flow back 
into F. 

The method of operation is as follows: 

1. The substance to be extracted or dialyzed is placed in the 
bag, B, which is suspended in the vessel, V. 

2. Enough of the desired solvent is introduced into the vessel, 
V, so that it overflows through the tube, ¢t, into the flask, F, 
partly filling the flask. 


* The expenses of this work were defrayed from a fund founded by the 
late Dr. H. S. Oppenheimer. 
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3. The apparatus is then exhausted to the desired degree 
through the tube which is fitted with the stop-cock, s, and this 
stop-cock is then closed. 

4. The condenser tube, 7’, is now cooled by means of a stream 
of water circulating through the condenser, C, and the flask, F, is 
warmed by the heating unit, H. 

There results a continuous evaporation of the fluid in the flask, 
F, and a continuous condensation of this evaporated fluid in the 
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condenser tube, 7. The condensed liquid flows into the vessel, 
V, causing the level of the fluid in V to rise so that fluid flows 
through the small tube, ¢, back into the flask, FP. 

Thus the vessel, V, is continuously receiving a supply of freshly 
distilled solvent and discharging its previous content into the 
flask, F, in which flask continuous evaporation of fluid and con- 
centration of non-volatile matter are taking place. 

The advantages of the apparatus are: 
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1. That a small amount of solvent can be used for the extrac- 
tion of a large amount of material; that this extraction can be 
made as complete as desired; and that the substances extracted 
are at the same time concentrated. 

2. That this apparatus, being operated at reduced pressure, 
is especially suitable for the extraction of labile substances which 
are destroyed either by oxidation or by high temperature. With 
water as the solvent and the apparatus well exhausted it is not 
necessary to warm the flask, F, more than 10-15° above room 
temperature. 

3. By using a collodion bag or other suitable dialyzing mem- 
brane it is possible to extract and concentrate the diffusible 
substances in plant and animal tissues; as, for example, the amino- 
acids of blood, muscarin, and other thermolabile alkaloids from 
fungi, and thus to obtain many substances of pharmacological 
importance. 























AN ATTEMPT TOWARD THE ~ETERMINATION OF THE 
TOTAL ALKALINE RESERVE OF THE BODY. 


By W. PRENTICE, H. O. LUND, ano H. G. HARBO. 


(From the Physiological Laboratory, University of Minnesota Medical 
School, Minneapolis.) 


(Received for publication, August 31, 1920.) 


It seems pretty well established that the alkaline reserve of 
human blood plasma is about 0.03 n and that of the dog is about 
the same (or slightly lower, especially if breathing is increased 
by any means when the blood is drawn). There seems to be no 
reliable direct method of determining the alkaline reserve of the 
cells of the body, but we found that on injecting acid into the 
blood stream the cells give up alkali to the blood plasma for the 
alkaline reserve, lowered by injecting acid, rose again after the 
acid was stopped. It seems probable that the bones should be 
included in the alkaline reserve of the body, but since they dis- 
solve in scurvy when acidosis is absent this subject needs further 
study. The object of this study is to determine the maximum 
amount of acid that can be injected into the blood stream of a dog 
without more than neutralizing the alkaline reserve of the blood 
plasma. Under such conditions it was thought that the alkaline 
reserve of the whole body would be drawn upon. 

Avery large number of experiments were made, but the first 
and second series merely pointed out the difficulties to be met and 
are net given here. Pain, ether, chloroform, and the initial stage 
of mofphine anesthesia seemed to lower markedly the alkaline 
reserve of the blood plasma (by inducing increased lung ventila- 
tion). ; Attempts at local anesthesia were abandoned. The alka- 
line reserve of blood drawn without anesthetic was about 0.025 n, 
which may be a low figure due to pain. Some dogs were kept 
alive several days during the experiment, but it was found that 
more acid could be introduced before death the more rapidly it 
was introduced, so that in the third series of experiments (the 
ones reported in this paper) the acid was introduced rapidly. 
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Alkaline Reserve of the Body 


If we assume that the acid injected into the dog was equally 
distributed throughout the body it is important to know the 
ratio of the blood plasma volume to the volume of the body. 
Although the blood volume varies as the surface and not the vol- 
ume of the body, our experiments were not sufficiently uniform 
to warrant accurate calculations and we merely assumed that the 
specific gravity was unity and the volume of the blood was 7.7 
per cent of the body weight and blood plasma volume was 64 per 
cent of the blood voiume. In other words, the volume of the 
body is assumed to be about twenty times the volume of the 


rABLE I. 

Alkaline reserve of plasma No. of times acid 
— i Acid injected would neutralize 
Before ether. After ether After HCl plasma 
0.023 N 0.018 N 0.0005 N 1,200 10.6 
0.024 “ 0.018 “ 0.000 * 610 9.5 
0.024 “ oom “* 0.000 “ 800 8.5 
0.0235 “ 0.016 “ 0.000 *“ 740 69 
0.023 “ 0.018 “ 0.000 “ 700 5.8 
0.024 “ 0.018 “ 0.000 “ 100 3.63 
0.025 “ 0.016 “ 0.000 “ 750 3.33 
0.0255 “ 0.0175 “ 0.005 “ 300 3.13 
0.024 “ 0.0165 “ 0.0025 “ 300 2.9 
0.0235 “ 0.0175 “ 0.0005 “ 177 2.89 


blood plasma, and if the alkaline reserve of the whole body is 
the same as that of the blood plasma and free diffusion takes 
place it would require twenty times as much acid to neutralize 
the alkaline reserve of the blood plasma in vivo as is required to 
do it in vitro. The largest amount of acid injected was 10.6 
times the amount required to neutralize the alkaline reserve of 
the blood plasma in vitro, and this amount reduced the alkaline 
reserve in vivo to 0.005 N. The experiments are given in Table I. 

The dog was induced to lie quietly, a sample of blood was 
taken from a vein in his leg, and the alkaline reserve of the plasma 
determined. Ether was administered and a cannula inserted in 
the external jugular vein to allow the acid when introduced to 


flow in the direction of the blood stream. Another cannula was 
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placed in the same vein at a higher level and pointed so that 
blood could be drawn through it, and a sample taken for alkaline 
reserve. The acid was 0.1 N HCl in 1 per cent NaCl and it was 
warmed to body temperature and passed into the vein through 
the first cannula from a burette at a uniform rate. When signs 
of coma appeared and the heart action became very weak, the 
flow of acid was stopped and a third sample of blood taken from 
the vein. We did not take intermediate samples in the first and 
second series of experiments because we found that the alkaline 
reserve could not be reduced to zero without rapid death and that 
there was no danger of producing a negative alkaline reserve. 

The alkaline reserve was determined by the titration method 
of Van Slyke, Stillman, and Cullen.!. Enough 25 per cent solu- 
tion of potassium oxalate was allowed to dry in the collecting 
tube to make 0.2 per cent of dry oxalate in the blood. The 
blood was drawn rapidly and the tube closed and centrifuged. 
1 ce. of plasma was introduced into a 120 ec. Erlenmeyer flask with 
20 ce. of H2O, 4 ec. of 0.01 n HCl, and 0.03 ce. of a 0.04 per 
cent solution of phenolsulfonephthalein. The flask was rotated 
rapidly by a motor for 2 minutes, during which time the CO, 
was blown off with a blast of CO.-free air, and the contents were 
then titrated with 0.01 ~ NaOH to match the color of a similar 
flask at pH =7.2. 


'Van Slyke, D. D., Stillman, E., and Cullen, G. E., J. Biol. Chem.., 
1919, xxxviii, 167. 

















VARIATION IN THE CHOLESTEROL CONTENT OF THE 
SERUM IN PNEUMONIA. 


By HAROLD A. KIPP.* 


(From the Pathological Laboratories, University of Pittsburgh, Pittsburgh.) 
(Received for publication, July 20, 1920.) 


The cholesterol content of the serum in acute inflammatory 
processes in the body has been found to undergo certain varia- 
tions. A rather common agreement is found among various 
workers that the cholesterol content of the blood is decreased 
during the progress of the acute inflammatory process in the body 
and that it rises to normal or above normal during the period of 
convalescence. The fact that cholesterol possesses certain anti- 
toxic and antihemolytic properties gives a particular interest to 
the variation in cholesterol in the serum in these acute infections, 
where the body is subjected to toxic products of invading bacteria 
and to the degeneration products of tissue destruction during the 
inflammation which ensues. 

The purpose of this work was to determine the variation in 
the cholesterol content in the serum of patients with lobar pneu- 
monia and to ascertain if possible the cause of this variation and 
the relation it bears to the inflammatory process. 

Wacker and Hueck (1) report a decrease in the cholesterol 
content of the blood in acute infections, cavernous phthisis, and 
ulcerating tumors. The acute inflammatory complication of the 
last two is probably analogous to the first in its influence on the 
cholesterol content of the blood. Chauffard, Richet, and Grigaut 
(2)’state that in tuberculosis the cholesterol content of the blood 
depends upon the character of the disease, whether apyretic or 
febrile. In the afebrile tuberculosis it remains normal, while in 
the febrile form the cholestero! content of the blood is constantly 
lowered, and markedly so when the general condition is very bad 


*R. B. Mellon Fellow in Pathology. 
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or the fever very high. The depression of the cholesterol in the 
blood is evidently proportionate to the intensity of the disease. 

In following the variation in the cholesterol content of the 
blood in the course of typhoid fever, Chauffard, Laroche, and 
Grigaut (3) found that a primary hypocholesterinemia is suc- 
ceeded by a gradual rise above the normal content, attaining a 
maximum on the 27th to the 56th day, before the patient is 
placed on an increased diet, and falling again to a normal figure 
on approximately the 73rd day. A sharp fall in the cholesterol 
content of the blood occurred in relapses and in perforation. 
This sudden lowering of the cholesterol content in acute infec- 
tions, concomitant with the perforation or in reinfection with the 
typhoid or other organisms in the case of the relapse, is no doubt 
identical with the same variation in other acute infections. 

In cases of obstructive icterus where as a rule the cholesterol 
content of the blood is increased, Rothschild and Felsen (4) find 
that this increase does not take place when associated with 
acute infections. Denis (5) found a marked diminution of 
cholesterol in the blood in acute infections, with a rise to normal 
in convalescence. However, no consecutive analyses through 
the course of the diseases were recorded. Isolated determina- 
tions showed from 129 to 151 mg. of cholesterol per 100 ec. of 
blood before crisis in pneumonia and 166 mg. per 100 ce. of 
blood after crisis. The cholesterol content of the blood in two 
cases of bronchopneumonia was recorded as 151 and 171 mg. per 
100 ec. of blood, in the acute stage of the disease. In a case 
of pleuritis 279 mg., and in one with effusion, the character of 
which was not recorded, there were found 145 mg. of cholesterol 
per 100 ec. of blood. On account of the wide variation even in 
the normal cases it is evident that single analyses of blood or 
its component parts for the cholesterol content can give at best 
only a relatively accurate idea of the variation of cholesterol in 
the patient’s blood. This emphasizes the necessity of serial 
analyses on the same patient in different stages of the disease. 

All the foregoing results demonstrate the fact that cholesterol 
is diminished in that stage of disease where an acute inflamma- 
tory reaction is in progress in the body. The lowering of the 
cholesterol content of the serum at a time when the immune 
reactions of the blood are low in serum and rising again after 
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crisis when various defense reactions are appearing in the blood 
and the patient is overcoming the disease, suggest a possible 
relation of cholesterol in the blood to the immune state and the 
recovery from pneumonia. 

Heretofore the antitoxie property of cholesterol has been of 
interest and studied in connection with its ability to inhibit the 
hemolysis of erythrocytes by various hemolytic and toxic agents, 
such as oleates (6, 7), tetanolysin (8), and of importance in this 
investigation the pneumococcus hemotoxin (9). Chauffard and 
coworkers (2) suggested that the rise in the cholesterol content 
of the blood in typhoid convalescence is an index of its antitoxic 
action and parallels the acquisition of a degree of immunity in 
the disease. That the action of cholesterol in the recovery from 
disease is dependent upon its antitoxic properties has not, how- 
ever, been demonstrated. Its possible réle in the production of 
immunity in the body is given further light by the work of War- 
den (6) who found that the addition of cholesterol to fat antigens 
consisting of the sodium salts of specific fats of bacterial cells 
enhanced the value of the antigens. He also states that an 
antigen prepared from the cholesterol esters of fatty acids of 
pneumococci, injected into rabbits, gave rise to antibodies which 
gave greater protection to rabbits than those of sodium and 
lithium esters (10). This work is borne out by that of Morato 
and Villanueva (11), who state that the mixture of cholesterol 
with typhoid vaccine before injection into rabbits seemed to 
hasten and enhance the production both of antibodies and agglu- 
tinins and to reduce the general reaction to the antityphoid 
vaccine. These authors state that the administration of choles- 
terol in toxie infections where the blood cholesterol is low is 
apparently beneficial. 

With this review of the apparent action of cholesterol as an 
adjuvant in the production of passive immunity, the question 
arises of the type or character of immunity developed in human 
blood in pneumonia. We have the work of Clough (12), who 
finds that after crisis or lysis in acute lobar pneumonia the serum 
of the patient develops definite though feeble protective power 
for mice, against homologous strains of pneumococci isolated 
from the patient whose serum was being tested. This activity 
was not demonstrated in the active stages of the disease in the 
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serum, nor was it present in fatal cases. In six out of eleven 
vases in the convalescent stage a phagocytic activity was shown 
which paralleled the protective power of the serum. Phago- 
cytosis in vivo paralleled phagocytosis in vitro. Another factor, 
suggested by Lord (13), may be of considerable importance in 
bringing about crisis and resolution of the pneumonic process. 
He attributes the recovery to local biochemical changes, in the 
course of which the acid death-point of the pneumococcus is 
reached. 

Chickering (14) found agglutinative activity developed only at 
or near crisis. This agglutinative activity was limited to homol- 
ogous type strains with which the patient was infected. This 
development of homologous agglutinins is also seen in the work 
of Warden (6), who found that the animal body is sensitive to 
minute variations in the fat complexes of certain bacterial cells 
and can distinguish between related members of the same species. 

The important part taken by the leucocytes in the resistance of 
animals to experimental pneumonia has been shown by Kline 
and Winternitz (15). Animals treated with benzene, a leuco- 
toxin, rapidly succumb to the disease and those treated with 
toluene, which causes no leucopenia, showed no decreased resist- 
ance. Nutrose induced hyperleucocytosis before infection appar- 
ently increased the resistance of the animals. In fatal cases 
where pneumococci had been injected intravenously in the dog, 
Bull (16) found that there was little phagocytosis, while in the 
convalescent cases the pneumococci were actively phagocyted. 
The leucopenia of influenza infections is in direct agreement with 
the above findings for in these cases pneumonia was prone to 
complicate the clinical course of the disease. 

In a study on the experimental production of pneumonia in 
monkeys, Blake and Cecil (17) found that the onset of the dis- 
ease is accompanied by an initial leucocytosis. This preliminary 
leucocytosis, which was polymorphonuclear in character, usually 
began within 6 hours after the injection of the pneumococci 
intratracheally, and reached its maximum within 24 to 48 hours 
later. Following the preliminary rise in leucocytes there was 
noted a constant fall in the curve. The rapidity and extent of 
this fall seemed to bear a direct relation to the severity of the 
disease and the degree of pneumococcus invasion of the blood. 
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In cases progressing to recovery, the leucocytic curve instead 
of continuing progressively downward turns upward again and 
rises in the latter half of the disease until crisis occurs, when it 
again falls to normal. It is worthy of note that the leucocytes 
are relatively few in number in the blood at the time when cho- 
lesterol is lowest and that as they increase in the latter half of the 
disease cholesterol is found in increased quantity in the blood 
serum. 

With the increase in the phagocytic power of the leucocytes at 
the time of and following crisis, the part that these elements of 
the tissues and blood play in the resistance of the body to infec- 
tion and recovery from the pathological state produced by the 
presence of parasites and their toxic agents in the body, assumes 
a position of interest and importance. The definite relation 
between the activity of the leucocyte and resistance to and recov- 
ery from the disease is shown in the foregoing work and what- 
ever other factors may be concerned in the mechanism of recov- 
ery from pneumonia, the white blood cells play a leading réle. 

The fact that leucocytes contain a considerable amount of free 
cholesterol, five times as much as the erythrocytes (1), is of inter- 
est in that its presence in the leucocytes may indicate the part 
that cholesterol plays in phagocytosis in acute infections in the 
neutralization of toxic substances phagocyted by the leucocytes, 
so that their vitality is prolonged. That cholesterol appears to 
accumulate in the white blood cells during their phagocytic 
activities, in the course of acute inflammatory processes, follows 
from the analyses of Lilienfeld (18), who found 4.4 per cent of 
cholesterol as a component of the solids of normal leucocytes 
obtained from thymus. Halliburton’s (19) analysis of two 
samples of dried pus cells by the same method gave cholesterol 
7.4 and 7.28 per cent or approximately twice the content of the 
normal cells from thymus. Schafer states that this large increase 
in the cholesterol along with the increase of lecithin and fat is in 
agreement with the demonstration of fatty degeneration by the 
microscope. ; 

Further support of this premise suggesting the relation between 
the phagocytic activity of the leucocytes and the cholesterol is 
found in the work of Klotz (7), who states that the phagocytic 
activity of the vascular endothelium for fat is enhanced by the 
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presence of cholesterol. Moreover Chauffard, Richet, and 
Grigaut (20) suggest that, because of its colloidal nature, the 
variation in cholesterol in the blood serum is related to the activ- 
ity of the cells, as seen in the localized concentration of choles- 
terol in atheromata and xanthelasma. 

With this conception of the relation between the phagocytic 
activity of cells and the cholesterol content of the serum, atten- 
tion is drawn to the work of Christian (21), who showed that 
numerous polymorphonuclear leucocytes seen in the lung in the 
stage of gray hepatization contain a large amount of fatty mate- 
rial which differs in some respects from the body fat. The 
presence of such a large amount of fatty material in the lung at 
this stage of the disease allows the accumulation of a considerable 
amount of fatty acids which are unsaturated and toxic and are 
largely of the oleic acid type (22). 

That the exudate of human pneumonic lungs in the stage of 
gray hepatization is extremely toxic for guinea pigs and rabbits, 
on intravenous or intramuscular injection and markedly hemo- 
lytic for guinea pig erythrocytes, has been shown by Solis-Cohen, 
Weiss, and Kolmer (23). These toxic substances in the lung in 
the stage of gray hepatization with early autolysis of the exudate 
are largely removed by passage through the Berkefeld filter and 
their hemolytic activity is neutralized by antipneumococcus 
serum and normal rabbit serum (24). 

These authors who determined the toxicity of the lung extracts 
believe that the toxic principles are related to the protein frac- 
tion of the exudate, but in view of the toxicity possessed by the 
unsaturated fatty acids and their esters, a study of the lung in 
the stage of gray hepatization stained with Sudan III will impress 
the observer with the reasonable probability of the toxicity being 
in part dependent upon the presence of the large amount of for- 
eign fat which is contained in the lung at this stage of the disease. 

Typical lobar pneumonia having a rather distinct clinical 
picture offered a good type of acute infection for studying the 
varying content of blood cholesterol during the different stages 
of the disease. Unfortunately the bronchopneumonic type of 
the disease was the more prevalent and difficulties were presented 
in establishing a definite relation of the cholesterol content of 
the serum to a certain stage of the disease with a varying clinical 
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picture. Although the number of cases presented is insufficient 
to establish a constant curve, certain results have been obtained 
which express the variation of cholesterol in the early and con- 
valescent stages of the disease. 

For the determination of the cholesterol content of blood serum 
in the course of pneumonia specimens of blood were obtained 
from patients in the wards of the Mercy and St. Francis Hos- 
pitals, through the kind cooperation of the laboratory services 
of these institutions. After rimming the blood, the serum was 
allowed to separate and was kept in the refrigerator until the 
estimations were performed. 

The method used in the determinations of the total cholesterol 
in the serum was essentially that of Bloor (25) and as later modi- 
fied by him (26). On account of slight modifications which may 
be helpful, a brief résumé of the method is given. 


The clear serum was used. The quantity varied from 1 to 3 cc. The 
serum, in a slow stream of drops, was delivered from a calibrated pipette, 
into a 100 cc. volumetric flask which contained about 70 cc. of a mixture of 
one part of redistilled sulfuric ether to three parts of redistilled 95 per cent 
ethyl alcohol. After thorough shaking, this material was heated to boil- 
ing with constant agitation on a water bath and allowed to stand well 
corked for 24 hours. The quantity was then made up to 100 cc. by the fur- 
ther addition of the aleohol-ether mixture, mixed well, and filtered into a 
clean glass bottle, which contained about 5 gm. of anhydrous sodium sul- 
fate, for the purpose of removing coloring material. The extract was 
mixed well with the sodium sulfate and allowed to stand well corked 
for 24 hours. 

According to the quantity of serum used, 10 to 30 cc. of this alcohol- 
ether extract were delivered by a calibrated pipette into a 60 cc. glass beaker 
and evaporated to almost dryness on an electric hot plate. The drying 
was completed in a desiccator over calcium chloride. The cholesterol was 
estimated in triplicate samples of the alcohol-ether extract, of each speci- 
men of serum. 

The dried extracts were then taken up in about 10 ce. of chloroform,’ 
Merck’s c.P. (redistilled), and boiled down to a small volume for three or 
four successive times. The chloroform extract was decanted each time into 
a calibrated measuring cylinder, and the quantity was finally made up to 
5 cc. by the addition of the chloroform. The standard was prepared from 
a solution of Kahlbaum’s cholesterol, 2 gm. in 200 cc. of chloroform. 10 
ce. of this standard were added to chloroform in a 100 ec. volumetric flask 
and the quantity was made up by the addition of chloroform to 100 cc. at 
20°C. These standard solutions were kept in the refrigerator to prevent 
evaporation or deterioration on exposure to light. 5 cc. of this standard 
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H. A. Kipp 


were added to a stoppered measuring cylinder for each estimation. After 


the addition of 2 ec. of Merck’s acetic anhydride colorless) and 0.1 ec 


of concentrated sulfuric acid, the cylinders were placed in a water bath at 


a constant temperature of 22°C,, for 15 minutes. Thecontentsof the cylin- 
ders were then placed in the cups of a Duboseq colorimeter and the unknown 
was compared with the standard at 15. The comparison could in a major- 
ity of instances be read at this place. The presence of a brownish colora- 


tion was noted, but it did not seriously interfere with the readings. The 
amount of cholesterol was then computed in milligrams per 100 ce. 


serum. 


In Table I are given results in which two or more determina- 
tions on different days of the disease were obtained of the cho- 
lesterol content of the serum. The clinical notes accompanying 
the analyses were obtained from the patients’ chart as recorded 
by the physicians in attendance on the case. 

Table II gives a series of cases in which only one specimen of 
serum was available for analysis, with the exception of two cases 
which showed no variation in the cholesterol content of the serum. 

In Table III are given three cases of pneumonia which devel- 
oped empyema. 

In Table IV are the results of analyses of a number of pleural 
exudates and of one empyema of gall bladder. These exudates 
varied in character. The analyses showed the difference in the 
cholesterol content of the fluids and the cellular portion of the 
exudate which is probably similar to that of the exudates in the 
dily 


lung in the stage of gray hepatization, and presents a more re: 
available form of material upon which estimations are made in 
the same manner as with the blood serum. 


DISCUSSION 


Cases 1, 2, 3, 5, and 6, in which the patients developed a well 
defined pneumonic consolidation, showed a subnormal cholestero! 
content in the serum in the acute stage of the disease and a much 
higher cholesterol content during convalescence when resolution 
in the lung had been in progress for some time. Case 7 showed 
a variation in the cholesterol content of the serum from a low 
figure before resolution to a hypercholesterinemia in the course of 
convalescence, which was later succeeded by a return to a normal 


variation in this case resembles very much the 





content. The 
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contour of the curve which Chauffard (3) established in typhoid 
fever. Case 10, with a continued high temperature and with 
resolution progressing in the lung, showed a rise in the cholesterol 
content of the serum paralleling the process of resolution of the 
pneumonic exudate. Cases 4 and 13 demonstrate a return to 
normal in the cholesterol content of the serum subsequent to a 
hypercholesterinemia. The difference in time of the return of 
the cholesterol content of the serum to normal in these two 
cases and in Case 7 indicates that there is a marked difference in 
the cholesterol variation in each individual case, dependent upon 
the intensity of the disease and the extent of the inflammatory 
reaction. 

Although each case showed a primary hypocholesterinemia 
with a rise in the cholesterol content of the serum in convales- 
cence, a hypercholesterinemia in convalescence is demonstrated 
only in Cases 4, 7, and 13. The tendency of the variation of the 
cholesterol content of the serum in the other cases is also toward 
a hypercholesterinemia in convalescence and probably this 
variation obtains in the majority of cases where there has been a 
considerable degree of consolidation of the lung. 

The list of cases in which single analyses were available sub- 
stantiates the general findings in the cases in Table I. In three 
fatal cases, the cholesterol content of the serum was very low, 
and in the case with the greatest amount of Jung involvement, 
the depression was lowest. ‘This finding suggests that the depres- 
sion of the cholesterol content of the serum is dependent upon the 
amount of involvement of the lung and may also indicate an 
increased utilization of cholesterol in the more severe cases. 
In Case 3A, which recovered, there was a marked lowering of 
the cholesterol content of the serum during the acute stage of 
the disease with a large area of lung tissue involved. In Case 
7A, with a definite consolidation of one lobe, the temperature 
coming to normal on the llth day of the disease, a hypercho- 
lesterinemia was present on the 17th day. 

In the two cases noted, one during the acute stage of the dis- 
ease and the other in convalescence in which there was no con- 
solidation, there was no change in the cholesterol content of the 
serum. These figures again support the probability that the 
cholesterol content of the serum in pneumonia is dependent upon 
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and parallels the activity of the white blood cells in their par- 


ticipation in the formation of the exudate at the site of the acute 
inflammatory process. 

Blake and Cecil (17) have determined the curve of variation 
of the leucocytes in the blood in the course of experimental 
pneumonia. In superimposing the results of our determinations 
of the cholesterol content of the blood upon this curve, it is 
remarkable how closely they coincide. The initial leucocytosis 
of short duration with a subsequent fall parallels the lowering of 
the cholesterol content of the serum. The leucocytes at this 
time are gathering at the site of the acute inflammatory process. 

The lung exudate in the stage of gray hepatization has been 
shown to be toxic for animals. The presence of the large amount 
of fatty substances in this exudate suggests this abnormal fat as 
responsible in part for the toxicity. The cholesterol existing in 
the serum as a readily available neutralizing substance in a 
colloid state is removed from the serum by the phagocytic leuco- 
cytes, and participates in the inflammatory process as a com- 
ponent of the white blood cells. At the site of the acute inflam- 
mation it performs the function of neutralizing the toxins of the 
organisms and the toxic products of the disease process. The 
subsequent rise in cholesterol in the serum is seen when the 
leucocytes are returning to the general circulation. 

In the three cases of empyema presented, it is seen that the 
development of this complication in the course of the pneumonie 
process delays the return of the cholesterol in the serum to a 
normal figure. In addition, the cholesterol content of the serum 
is lower, on an average, than the depression of this substance 
in the serum in the uncomplicated pneumonia. In the fatal 
cases the marked lowering of the cholesterol again suggests an 
increased utilization of cholesterol with the extension of the 
inflammatory process. 

Cholesterol is a substance which is strictly conserved by the 
animal organism. Dorée and Gardner (27) state that part of 
the cholesterol in bile is derived from the breaking down of the 
blood and tissue cells which contain a relatively large amount 
of it. Analogy may be drawn to this in the explanation of the 
variation of the cholesterol in the blood stream in the consolida- 
tion of the lung, where there is lysis of the cells of the exudate at 
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the time of resolution, and in the formation of purulent exudates 
in empyema. 

\nalysis of the empyema fluids shown in Table I\ demon- 
strates that the exudates containing a large number of pus cells 
possess from two to three times the amount of cholesterol found 
in the relatively acellular fluids. The exudates which contained 
few cells contained considerably less cholesterol than is found in 
normal serum showing that the presence of cholesterol in the 
exudates is related to the cellular constituents. In these richly 
cellular exudates, moreover, it was found that the fluid portion 


of the exudate contained even less cholesterol than the acellular 


fluid, indicating an accumulation of cholesterol by the cells of the 


fluid. Lilienfeld’s IS analyses show the accumulation of 
cholesterol in these pus cells. he enrichment of the cells of the 
exudate in cholesterol probably indicates on the other hand that 


these cells adsorb a considerable amount of cholesterol from the 


serum before migrating to the site of the acute inflammation. 


CONCLUSIONS, 


l. Che cholesterol content ol the blood serum in pneumonia 
exhibits the following Variations: 

\ primary hvpocholesterinemia, the degree of which is 
dep ndent upon the degree ol lung invoivement and the intensity 
of the infection. 

b) A secondary hypercholesterinemia in the period of con- 
valescence, during and continuing for a varying period of time 


er the resolution of the pneumonic exudate. 


( \ return to the normal cholesterol content of the serum. 

2. The variation in the cholesterol in the blood serum in pneu- 
monia is dependent upon the activity of the leucocytes and being 
transporte d by them to the area of acute inflammation acts as an 


antitoxic substance, neutralizing the bacterial toxins and those 


arising from the disintegration of tissue in the process ol the 


inflammatory reaction. It also may serve as an adjuvant in the 
development of antigens which initiate the process of resolution 
of the pneumonic exudate. 

3. The utilization of cholesterol in acute toxie infections is 


dire etly proportional to the severity of the clisease. 
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1. The development of empyema definitely alters the variation 


F } ] 
of cholesterol in the serum in pneumon! 
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THE NATURE OF CHLORINE COMBINATION IN 
URINE. 


By A. T. CAMERON anp M. S. HOLLENBERG 


Neuberg! states that Berlioz and Lépinois,? and other French 
writers found chlorine present in urine partly in organic combina- 
T10n, Later investigators , denied this. Baumegart¢ n> obtained 
results indicating that 0.04 to 0.2 gm. of organic chlorine is excreted 
daily in the urine; the maximum found amounted to about 10 
per cent of the total chlorine excretion, and was independent of 
the amount of sodium chloride in the diet and the temp iture 
of the individual We have been unable to find any more recent 
work dealing with thi possible presence of organi 


urine. 


Baumgarten’s method consisted in treating urine with sodium 
nitrite and fuming nitric acid (to reduce chlorates), adding excess 
of silver nitrate and filtering in darkness, and, after removal of 
excess silver, concentrating to one-third, again filtering, and 
heating the filtrate in a retort with coneentrated nitrie and 
sulfuric acids free from chloride. The distillate was collected in 
a dilute silver nitrate solution, and silver chloride was precipi- 
tated in this corresponding to the amounts of chlorine indie: 
above. This chlorine was considered to be in organic combination 

We have repeated Baumgarten’s procedure with completely 


negative results. 


uberg, ¢ Der Harn sowie die tibrigen Ausscheidungen und W6: 


N 


perfliissigkeiten von Mensch und Tier, Berlin, 1911, i, 112 


Berlioz, A., and Lépinois, |} J pharm, et chin ISO4, xx1x, ZSS 
Ville, J., and Moitessier, J., Compt 1. Soc. bio 1901 7 
Meilliére, G., Cor l end, SO ( 1901, lini, 1174 
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Chlorates and perchlorates do not appear to occur normally in 
urine, and when administered are excreted in the urine unchanged 
and almost quantitatively within 48 hours.° We have confirmed 
the absence of chlorine oxy-acids from normal urine by the follow- 
ing procedure. 


The halide content of 20 ec. of urine was precipitated as silver 
chloride in the presence of nitric acid, the precipitate was col- 


lected on a Gooch crucible, washed with distilled water, and dried 


ea 


at 100°C. to constant weight. Another 20 ec. of urine was 
treated with nitrite and fuming nitric acid, allowed to stand for 
some hours, and then the halide content estimated as just described. 
The results indicate that chlorine oxy-acids can be considered is 


absent from normal urine (Table I 


‘ TABLE I 
: 
— .* Chloride-chlorine in 100 Chlorine 1 xy-a hlorine 
1UU ur € 
] 0 7832 0.7837 
0.7837 0.7843 t 
i 
2 0 6226 0 6233 
j 0. 6220 0 6225 
0 5640 0.5649 
Fé 0.5650 0.5653 
Hh 
: . . 
We have made a careful comparison of the chloride (halide) : 


content and the total chlorine (halogen) content of urine. The 
halide in 20 ee. of urine was estimated as usual. The total 
halogen was estimated by evaporating 20 cc. of urine with 10 gm. 
of solid sodium hydroxide, heating the fused mass with additions 
of very small quantities of potassium nitrate until all organic 
matter was oxidized, dissolving in water, and estimating the 
halide as silver chloride as usual. The results are given in Table II. 








The slightly greater differences with the pathological urines 
were probably due to difficultly filterable organized matter, 
retained in the Gooch crucible but destroyed during fusion. The 


close agreement indicates the absence of organic chlorine. 


He ffter \ K Jeo. P} ol , 5a 1ht 1903 ll, LOS. 
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As under normal conditions only 
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0 6216 
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0 9451 


0 9447 


0. 3034 
0 3041 
0 4876 
0 4SS0 
0 4480 
0.4477 
0 3670 
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OS34 
OS3 1 


ON34 


3037 


1S67 


S64 


1474 


ae 
1476 


] 


estimated as 


bromides 


and iodides are present in urine, the results can be considered in 


terms of chlorine and chloride. 


We conclude that in the absence of chlorate or similar medica- 


LLOn chlorine occurs in urine as chloride only; 


and chlorine OX) -acids are absent. 


organ 


chlorine 
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THE FAT CONTENT OF EMBRYONIC LIVERS. 


By C. G. IMRIE ann 8S. G. GRAHAM. 
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l'atty infiltration of the liver may be produced experimentally 


I! animals by t he injection of such substances Ls phlorhizin, 


; ; 


mvristicin, and oil of pulegone; Also by fasting. The fat which 
accumulates in the liver under such conditions is believed to be 
derived from. the subcutaneous tissues and other d pots where 
fat is stored, for it has been shown that as the tat accumulates 
in the liver it resembles more and more in its degree of desatura- 
tion the fat of the connective tissue This mav be readily shown 


1 


by a determination of the iodine \ ilue of the highs r fattv acids 


extracted from the particular tissue. The histologically invisible 
fat which is normally present in the liver and other organs of 
animals and which enters into the physical structure of the e¢ 
is much less saturated and has therefore a higher iodine valu 
than the fat deposited In comparatively inert form in the con- 
nective tissue. As the amount of fat in the liver increases, thi 
1 
I 


+ teo4 


iodine value is lowered until in livers where large amounts of fa 
ire present the iodine value of the fat ve ry closely approximates 
that of the connective tissue fat. 

While engaged in the study of the changes thus effected in the 
organs of animals, it seemed desirable to extend the observations 
to pregnant animals and to determine the relation in which the 
embryonic liver stood to mobilized fat. It seemed reasonable to 
suppose that the embryonic tissue might possess an avidity for 
food material such as fat and that this might evidence itself by a 
greater accumulation of fat in the embryonic than in the maternal 


liver, if the fat were mobilized experimentally. 
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EXPERIMENTAL, 


Because of their convenient size and prolific tendencies, guinea 
pigs were selected for the observations. The higher fatty acids 
were determined by the method of Leathes (1) and the iodine 
value by the method of W ys (2). 

A few preliminary determinations showed that the percentage 
of fat in the embryonic liver was not constant, but varied with 
the age of the embryo. The livers obtained from young embryos, 
weighing about 10 gm., histologically and chemically resembled 
the adult hepatic tissue, in so far as their fat content was con- 
cerned, whereas in embryos fully developed the liver was vellow 
in color and chemically showed a large accumulation of fat. 
These findings suggested a physiological infiltration of fat in 
the embryonic liver during development, and obviously, if such 
were the case, it was necessary to establish its nature before cor- 
rect interpretations could be made of observations under experi- 
mental conditions. 

In order to ascertain the nature of this fat accumulation, 
pregnant animals in various stages of gestation under normal 
conditions were killed, and the liver tissue was examined as pre- 
viously described. Where the embryos were very small, the 
livers from the members of one litter were pooled and one deter- 
mination was made upon the lot in order to obtain, if possible, 
sufficient fatty acid for an accurate iodine value determination. 

In Table ] the results from twenty-two rulnea pigs are recorded. 
They are arranged in the order of the increasing weights of the 
embryos. In nineteen instances, the values obtained from the 
maternal livers are also given. The weight of the embryo has 
been employed as an indication of its age, and this, while for 
obvious reasons somewhat unsatisfactory, has proved sufficiently 
accurate for our purpose. 

These figures show quite definitely that a fatty infiltration 
takes place in the livers of embryo guinea pigs. Until the embryo 
reaches an age corresponding to a weight of about 40 gm., there 
is little or no evidence of this, but as its weight increases beyond 
this the increase in fat is very marked. The average fat value of 
the liver in embryos under 40 gm. in weight is 3.16 per cent, 


whereas in embryos over 40 gm. in weight it is 13.10 per cent. 
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It seems that the rate of infiltration is most marked during that 
period of development represented by weights of 40 to 60 gm. 
In Table II, the figures have been obtained in the following 
Way. The embrvos have been divided into nine groups aceord- 
ing to their weights. Group 1 includes those under 10 gm.; 
(Group 2 includes those over 10 gm. and under 20; Group 3 those 


over 20 gm. and under 30; and so on, while Group 9 includes 


rABLE I 
| M 

We t 

‘ H t “ee I 
, 0 2 39 1 86 | 
5.4 >. 49 > 52 G4 
6.0 3.40 118 1.44 117 
13.0 3.35 114 2.03 122 
3.0 3.08 102 2.50 11] 
23.5 2.84 98 2.31 123 
24.0 2.40 106 2.34 120 
29.0 3.63 105 2.15 116 
32.0 1.12 113 2.25 114 
347.2 2.88 115 2.24 120 
12 0 5.06 107 2.14 126 
50.0 9 60 110 Bey 115 
55.5 14.29 112 1.69 123 
64.0 2 a 109 1.69 123 
68.0 15.80 2 66 120 
70.0 12.00 103 

72.0 11.46 101 1.81 112 
72.0 14.60 g2 3.54 117 
73.0 15.70 

90.0 {6.15 105 3.03 4 
101.0 15.14 100 2.41 118 
117.0 15.22 102 

those over 90 em. In each group, the average weight of the 


embryos, the average fat content, and iodine value of the embry- 
onic and maternal livers have been calculated and expressed, 
The infiltration of fat into the embryonic livers is well demon- 
strated in these averages. 

It is of special interest to note that this infiltration is not 
associated with any such change in the maternal liver. The 
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highest fat value in the maternal livers in the series was 3.54 
per cent, and in only three instances were the values over 3 per 
cent. The average fat content of the maternal livers in animals 
with embryos under 40 gm. in weight was 2.26 per cent, while 
that obtained in animals with embryos over 40 gm. in weight 
was 2.24 per cent. Thus, the average amount of fat in the 
embryonic liver may increase from 3.16 per cent in the first period 
to 13.10 per cent in the second period, as previously mentioned, 
while in the maternal liver the average amount of fat remains 
practically unaltered. This seems to indicate that the infiltration 
of fat in the embryonic liver is an embryonic process and that this 
organ possesses an avidity for fat not possessed by the maternal 


liver at that time. 


rABLE I 
G \ 

\ \ 

f ty 
l tS » O9 2.24 109 
2 mo , 1OS 2 97 116 
} 5.5 2.95 103 A 119 
} t 62 ob. o0 114 2.24 117 
. 12 OO 5.06 107 2.14 126 
{) 52 50 11.95 111 1.4 119 
7 67 30 3 35 LOK} 2 O5 LIS 
~ 72.30 13.92 Yb > 67 114 
Qg 102.70 15.50 102 2.42 LOG 


\ consideration of the lodine \ ilue affords a& point of interest. 
The average iodine value of the fat in the livers of embrvos under 
10 gm. in weight is 109. Some of the figures from which this 
average has been caleulated are probably a little low beeaust in 
those particular instances the livers were too small to provide an 
adequate amount of fatty acid for an accurate iodine value deter- 
mination. However, even allowing for this, the evidence in favor 
of the point which we wish to bring out is sufficiently convincing. 
The average iodine value of the fat in the livers of embryos over 
10 gm. in weight is 104. In brief, therefore, while in embryos 
under 40 gm. in weight the average higher fatty acid content of 
the liver amounts to 3.16 per cent having an iodine value of 109, 
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in embryos over 40 gm. in weight the average higher fatty acid 
content of the liver is 13.10 per cent having an iodine value of 
104. This accumulation of fat in the embryonic liver is no 
accompanied by any marked decrease in the iodine value or 
approach to the value found in the connective tissue fat of the 
guinea pig which is 85. 

\s previously mentioned, it is known that, in the human liver 
and in that of other animals such as the dog and eat, an infiltra- 
tion of this organ with fat is accompanied by a lowering of the 
iodine value of the fat. \s has been shown by Imri Oo), the 
actual values in human Cases approach very nearly to those which 
may be calculated, if it is assumed that the fat found over and 
above the average value had an iodine value similar to that of 
the connective tissue fat 

The difference between the above aver wwe tat \ ilues ot 46.16 
and 13.10 per cent is 9.94 per cent. If we assume that this was 
fat infiltrated from the connective tissue and having an iodine 
value of 85, and added to the 3.16 per cent having the mean 
iodine value found, namely 109, the resulting iodine value should 
be 91; but instead it is 104. In only one instance does the value 
actually obtained coincide with the theoretical value and in this 
particular instance there is evidence of some fatty infiltration in 
the maternal liver, the influence of which we shall discuss late) 
This seems to show, therefore, that the fat is less saturated than 


would be the case if the access of fat were due merely to an influx 





of connective tissur rat. 
Leathes and Mever-Wedell 1) be lieve that it Is a function ol 
the liver to desaturate fat brought to it. to introduce double 


linkages into the molecule, and thus prepare it for subsequent 


SMARTER HF 
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oxidation. When a fatty infiltration occurs owing to an abnormal 
influx of connective tissue fat, the liver falls into arrears in its 
work, the fatty acids are no longer desaturated to the normal 
extent, and a low iodine value is accordingly found. 

The results here given, however, seem to indicate that at a 
certain stage in the development of the embryo there is a very 
marked increase of fat in the liver and this fat has not the char- 
acter of connective tissue fat. The explanation of this difference 
may be either that the embryonic liver can desaturate larger 
amounts of imported fat than the liver in extrauterine life or that 
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the fat taken up by the liver of the embryo is fat which has 
already been desaturated by the maternal liver or other tissues. 

Having observed this physiological infiltration of fat, the next 
point we considered was the ultimate fate of this fat. If the 
purpose of this accumulation of fat was to provide a readily 
available source of food for the embryo, to be utilized immedi- 
ately after birth, it seemed reasonable to suppose that the fat 
would decrease rapidly during the first 2 or 3 days of extrauterine 
existence. 

The fat content of the livers of embryos, members of the same 
litter, is comparatively uniform. In Table III are recorded the 
results obtained from the examination of four litters. 


rABLE Il 

N \\ Hi I 

l 55.5 14.29 , 10 
64.0 12.47 LOY 

2 70.0 12.00 103 
72.0 11.46 101 

) 72.0 14.6 92 
73.0 15.7 

| 101.0 15.14 100 
117 0 15.22 102 


Litters of guinea pigs after birth were examined in the following 
manner. One guinea pig was killed about 16 hours after birth, the 
second guinea pig of the same litter was killed 24 hours after the 
first, and the third guinea pig, when such existed, was killed 24 
hours after the second. In each case the fat content of the liver 
and its iodine value were determined. In all, eight litters were 
examined. Four of these were composed of three guinea pigs 
and four of two guinea pigs. The results are recorded in Table IV. 

In each litter there is a marked decrease in the fat values during 
the first 2 or 3 days of life. Litters 1, 2, and 8 show this very 
strikingly. The decrease found in Litter 8 is most marked. 
An exceptionally high value for the fat in the liver in this instance 
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was found, but even so, in 3 days, the value had dropped to that 
which is normal for extrauterine life. 

We now proceeded to carry out the experiments which we 
originally intended to do; that is, to mobilize the fat in pregnant 








animals and to observe the changes thereby effected in the mater- 
rABLE IV 
Litter No Age of guinea pig Weight Hig I 
p / 
l 16 62 18.49 101 
10 60 7.63 105 
O4 79 6.33 104 
2 12 78 13.5 104 
36 SO t.i9 110 
60 87.5 3.97 128 
3 16 OS 9.09 106 
3S 91.5 3.89 106 
4 20 54 13.56 110 
56 SS 5.53 LOS 
5 30 63 7.33 107 
5A 59 1 88 106 
SO 85 3.38 lil 
6 30 S85 9.17 109 
iS 70 3.40 100 
7 24 78 15.50 110 
18 70 5.93 114 
S 16 67 25.60 S88 
10) 74 15.97 9] 
SO 77.5 2.53 LOS 


nal and embryonic livers. Because of the normal infiltration of 
fat in the liver which takes place during the later period of gesta- 
tion, animals were selected in which the embryos were below 40 
em. in weight. The mobilization of fat was effected in these 
animals by (1) fasting, (2) injection of phlorhizin, and (3) a com- 
bination of (1) and (2). At the end of the experimental period 
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the animals were killed and the fat determinations made as in 
the previous experiments. Protocols of the experiments are now 
given. 


Experiment 1.-Pregnant guinea pig. Weight 610 gm. Received three 
doses of 0.05 gm. of phlorhizin subcutaneously at intervals of 24 hours 
During the whole period the animal was fasted but allowed water 

Weight at the end of the period 450 gm Weight of each embryo 5 gm. 

The liver of a normal embryo at this age has the characteristic reddish 
color of normal hepatie tissue but in the ¢ mbryos of this experiment the 


liver was pale and vellow; in fact it resembled the liver seen in the embryo 


during the last week or so of gestation 


Embrvonie liver, highe r fatty acids 9.39 per cent, iodine value oS 

\I iternal “ ae“ “a “ y | 59 “ sé se ““ | 4 
Experiment 2 Pregnant guinea pig fasted for 3 days 

Received no phlorhizin Average weight of embryos 8 gn 

Kmbryonic liver, higher fatty acids 9.65 per cent, iodine value not 


obtained. 

Maternal liver, higher fatty acids 3.04 per cent, iodine value not 
obtained. 

Experiment 3.—Pregnant guinea pig treated exactly as in Experiment 1. 


Normal weight 765 gm. Weight at end of period 643 gm. 
Embryonic | 





iver, higher fatty acids 13.72 per cent, iodine value 95. 
Maternal ‘6 éé ‘ ‘6 7 18 ‘6 ‘6 ‘6 éé 107. 

Experiment 4 Pregnant guinea pig treated as in Experiment 1 

Normal weight 685 gm. Weight at end of period 542 gm 

Weight of embryo 14.5 gm 

Kkmbryonic liver, higher fatty acids 9.47 per cent, iodine value 94, 

Maternal ' i ss ” 3.44 °° = i a 122 

Experiment 5,—-Pregnant guinea pig received 0.05 gm. of phlorhizin 
subcutaneously on three occasions at intervals of 24 hours. No fasting 
Weight of embryo 25 gm 

Embryonic liver, higher fatty acids 5.37 per cent, 1 dine value 108. 

\i itern il sé “ sé ““ | QI) s“ se sé sé 120 

Experiment 6 Pregnant guinea pig, fasted for 96 hours, received ni 
phlorhizin. 

Normal weight 575 gm. Weight at end of period 420 gm. 

Weight of embryo 25 gm. 

Embryonic liver, higher fatty acids 9.68 per cent, iodine value 95. 

Maternal - . " oe “ we 3 

Experiment 7.—Pregnant guinea pig treated as in Experiment 1. 

Normal weight 640 gm. Weight at end of period 528 gm. 

Weight of embryo 30 gm 

imbryonie liver, higher fatty acids 9.17 per cent, iodine value 86. 

Maternal] “ts . “ in we 4 7 122. 

Experiment 8.—Pregnant guinea pig treated as in Experiment 1, with 
the exception that it received but two doses of phlorhizin. 














Weight of embry 


Determinations were made upon ea¢ h of the two eml 


J mbrvonic live r 


Maternal liver, | 


The results of these experiments are given in Table \ 


arranged in the order of the increasing 





The results of these experiments show that in all the embrvos : 


marked fatty infiltration of the liver was produced. 


Normal weight 817 gm. 


2), higher fattv aci 
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Weight at end of period 666 gm. 


1), higher fatty acids 13.78 per c¢ 


iigher fatty acids 2.80 per cent 
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early a stage in development as represented by 


the liver tissue t 


akes up fat. 


SIX 
30 


In the first 
Table V all the embryos weighed less than 







1) 


a weight of 5 gm.., 


ngures 


In) 


one of these instances was there an associated infiltration of 


in the maternal liver and in that particular instance the highest 


fat value in the embryonic liver was obtained. 


to note the fall in the iodine value of the maternal live: 


this instance. 


livers is 10.91 pe 








these cases is 95. 


onic and maternal liver fat: the former are 


recent. If, as in the case of the physiological 


much lower than the 


1a 


There is a marked contrast in the iodine values of the embry- 


latter. The average iodine value of the embryonic liver fat in 
The average fat content of the embryonic 


infiltration of fat, in the embryonic livers, we assume for purposes 
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of calculation that the fat present in excess of the average amount 
is of the connective tissue type with an iodine value of 85, we 
find that the iodine value thus obtained would be 91. The value 
actually found is 95. This result, then, agrees closely with the 
theoretical value and much more so than the result obtained in 
the case of the physiological and slower infiltration of develop- 
ment. This seems to show that under the experimental condi- 
tions the infiltrated fat is of the connective tissue type and as 
such accumulates in the liver of the embryo. 

I:xperiments similar to those just described were carried out 
upon pregnant guinea pigs in which the embryos were over 40 
gm. in weight, and in which, therefore, the physiological infiltra- 
tion had been established. Protocols of two experiments are 


given. 


Experiment 9.—Pregnant guinea pig treated as in Experiment 1. 

Normal weight 905 gm. Weight at end of period 756 gm. 

Weight of embryos 56 gm 

Embryonic liver (1), higher fatty acids 19.39 per cent, iodine value 86; 
(2), higher fatty acids 20.60 per cent, iodine value 82. 

Maternal liver, higher fatty acids 6.49 per cent, iodine value 104. 

Experiment 10.—Pregnant guinea pig treated as in Experiment 1. 

Normal weight 826 gm. Weight at end of period 725 gm. 

Weight of embryos 53 and 56 gm. 

Embryonic liver (1), 53 gm., higher fatty acids 30.49 per cent, iodine 
value 87; (2), 56 gm., higher fatty acids 24.12 per cent, iodine value 88. 

Maternal liver, higher fatty acids 2.74 per cent, iodine values 122, 


These two experiments show that the physiological infiltrated 
fat does not represent a maximum capacity. This is strikingly 
brought out in Experiment 10 where a value of 30.49 per cent was 
obtained, and this fat, it should be remembered, is calcuiated 
upon the moist tissue. In this instance it is also of interest to 
note the absence of any infiltration of fat in the maternal liver. 


DISCUSSION, 


The accumulation of the fat in the livers of the embryo guinea 
pigs during the latter part of gestation, the unsaturated nature 
of the fat, and its rapid disappearance after birth suggest that 
it is material required by the young animal after its communica- 
tion with the maternal circulation has ceased. It is, however. 
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possible that this fat is not utilized for the production of heat 
and energy but is transferred to the connective tissues after being 
converted into fat of the connective tissue type. 

The question arises whether this fatty infiltration of the liver 
is limited to guinea pigs or whether it takes place in other ani- 
mals such as the dog, cat, or rabbit. Observations upon this 
point have as vet not been made. The guinea pig at birth is 
quite a mature animal and is very active immediately after 
birth, and these characteristics may in some way be associated 
with the fat in the liver and its rapid disappearance. 

What is the source of the fat which accumulates in the liver 
during fasting? Is it derived from the embryonic or maternal 
connective tissue fat? It is at present impossible to say. Some 
light might be thrown upon the subject by a determination of the 
fat in the embryo after the removal of the liver. 

Fasting produces a fatty infiltration of the embryonic liver 
much more readily than in the maternal liver. If the fat were 
maternal in origin, it would indicate an avidity for fat on the 


part of the embryonic liver. 
SUMMARY. 


1. In the latter part of embryonic life, it is normal for the 
fetal liver in guinea pigs to contain large amounts of fat. 

2. This fat has an iodine value as high as is normal in later 
life when a much smaller amount of fat is present. 

3. This fat decreases in the first 48 to 72 hours after birth and 
then no more is found in the liver than later in life. 

!. If fat is mobilized experimentally by phlorhizin and fasting 
in pregnant guinea pigs, with embryos under 40 gm. in weight, 
fat accumulates in the liver of the embryos, but the fat is of the 
connective tissue type. 

5. When the embryos are above 40 gm. in weight, and the fat 


is mobilized, more fat is found in the liver than otherwise, up to 


Paes ce = 


30 per cent of the fresh tissue, and this fat too is of the connective 
tissue type. 

6. The infiltration of fat in the embryonic liver may be quite 
independent of any similar change in the maternal liver. 


It is a pleasure to acknowledge our thanks to Professor J. B. 


Leathes, Sheffield, for his review and kindly criticism of this work. 
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SOME EFFECTS OF WATER-SOLUBLE VITAMINE 
UPON NUTRITION.* 
























By WALTER G. KARR 


so called accessory substances or vitamines in nutrition. The 
absenee of these factors affects materially the nhvsiological well 
being of the animal and in some cases leads to a disease typical 
for the lack of the specine accesson substance. The data on 
which such conclusions are based have for the mast part been 
secured from observations on small laboratory animals: c. 
birds, rats, mice, and guinea pigs. No broad generalizations can 


be made, however, until the problem Ol t he “ACCeSSO! ctors has 


been studied on more species of animals, incl iding 1 large r 
ones. This is well illustrated by the fact that a diet which will 


readily induce scurvy in a guinea pig will not produce the disease 


in a rat with the same r idiness, if at all. This study is ‘On- 


tribution to the relation of the so called water-soluble B vitamine 


to the nutrition of the dog, with the metabolism « hich we are 
fairly well acquainted. 
Dogs were kept upoh standard diets containing either wheat 


gluten! or commercial casein? as the source of protein, with the 
remaining calorific requirement supplied by lard and_ sucros¢ 


It is quite probable that these sources of protein contained traces 


* The data in this paper are taken from the dissertation presented by 
the author for the degree of Doctor of Philosophy, Yale University, 1920. 
Part of the expenses of this investigation were defrayed 
from the Russell H. Chittenden Research Fund for Phy logical 
Chemistry. 
i Purchased from the Pure Gluten Food Company, ¢ imbus, Ohi 


Purchased from Lister Brothers, Incorporated, New \ 
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of water-soluble vitamine, although the diets are referred to in 
the present paper as being vitamine-free.’ 

Foods.—The compositions of the food mixtures, representing 
approximately that quantity which was given each animal daily 


per kilo of body weight, were as follows: 


No. 1. 


Commercial casein (12.7 per cent N). 6.5 
h Sucrose ' en ane t.5 
/ ie Lard.. oar, 
: . ontained U.S gm, 
Bone ash. . 0.4 - 
‘ N and SO eal- 
Salt mixture Se ee poor 0.2 
z ories 
Water. . : 2.0 
i] 
i Potal sb is laia lk tl en aa eee ane a «se 
£3 


Commercial gluten (14.0 per cent N)... 5.7 
Sucrose 16 
Lard Se . 
Bone ash 0.4 


4 
13 





Salt mixture 0.2 
Water.. aaa ; . : 3.5 


a RY, at ha are 0 8 UT 
t 
s 





pa” se noaied 


sere pag oor one 
AC te = 








" 
A Commercial casein 12.7 per cent N >.1 
he ~ 9 
Sucrose 0.2 
e.4 - 
i Lard 9.2 Cc: 104 
“ nt ned { y 
J Bone ash 0) 4 ‘ 
aay : N 1 8O « 
i Salt mixture U.2 
ies 
te Water OS 
aa 
; ‘ 
ati = - 
Ha Potal 15.0 
Hf of 
‘, rhe salt mixture contained: sodium chloride, 10 gm.; calcium lactate 
tf gm.; magnesium citrate, 4 gm.; ferric citrate, 1 gm.; a few drops 
‘ I+KI solution. 
It will be observed that the food used in the following experiments 


are also practically free from the so called fat-soluble vitamine and thi 


vitamine preventing scurvy. While the animals have been under obser- 


a 


vation there have been no symptoms which might be taken as specif 


indicative of the lack of the »> vitlamines 
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yASY 


(he foods were made up in fairly large quantities and the 


caleulated 


amounts fed in a 


single meal 


each 


morning, 


ration was left before the animals for a period ot 1 to 


whereupon 


civen,. 


vitamine-free 


any 


residue Was weighed. 


The 


Vit Tihil rie Pre parations. The following SOUrCes of the SO C¢: lle 
water-soluble B vitamine were used in the experiments: 
1.2 Yeast.—A dried commercial product.‘ Nitrogen, 7.2 
n l 9] ish, 6.6 per cent. 
B.A | Bre Yeast.—Some of Product is moistene 
wlaved for 3 to 4 hours at 20 pounds pressure, then dri he hot 
vi t LON@¢ r 72 hours Nitrogen, 7.8 per ec 
GC. ® 1B} Yeast Some of Prod \ is on | { 
i! roven at 1OS°C. for 72 hour Nitr S.2 per 
) Ys \ moist commercial yeas \\ di 1 int 
‘ 1OS°C., for 72 hours Nitrogen, 6.1 per ¢ I} prepal 
cont ned an admixture of starch 
E. Mil \ pasteurized dairy milk, some of which was further steril 
ed in the laboratory by heating in a boiling wat bath for 30 60 
F. Toma Canned tomatoes wer squeezed much DOSSID 
through cheese-cloth so as to produce a fine suspension. Nitroge 0.14 
per cent; solids, 4 er cen 
G. ( Vitamine Extract \ crude preparat was uM 
rding the directions of Osborne and Wakeman Che frac mre 
cip by SO per cent aleohol was reprecipitated and dissolved in w I 
Tha t I | rom 165 gm ot Ve ist \ was dissolved in 200 « I el! 
\ g 0.52 per 
EXPERIMENTAL, 
\Iost of the dogs consumed the diet readily at first subse- 
quently they refused a part, and ultimately failed to eat ani 
whatever of the mixtures unless vitamine-containing food was 


\ number of the animals which continued to ingest th 


symptoms. 
~Solubli 


Wate 


which 


could be quickly restored by the ingestion of 


‘Supplied by Hinckel Brewery, Albany, 
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taining water-soluble vitamine. The plan of the experiments 
was to feed the vitamine-free food until the dog refused part or 


the whole of it for a number of days, then feed the accessory 


substance and note the effect on the food intake. The prepara- 
tion of water-soluble vitamine was given apart from the food 
after the meal had been offered in the morning, hence it could 
not affect the palatability of the ration. 

Charts 1 to 29 illustrate the relation of the vitamine to food 
intake. The maximum ordinate represents the food in grams 
offered to the dog to eat. In the shaded portion is plotted its 
actual daily food intake. 
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Bakers’ Yeast as the Source of Vitamine. 
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Cuart 6. Dog R, days 27 to 51, Food 3. 
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Cuart 7. Dog I, days 101 to 122, Food 1. 
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Cuart 8. Dog I, days 141 to 157, Food 1. 








N 
} AVERAGE 
° INTAKE 


Z 
y 
Y 
Y 
j 


Y 











5— 
DAYS = 2 
DAYS 
Cuart 9. Dog P, days 41 to 57, Cuart 10. Dog J, days 143 


Food 2. to 157, Food 1. 


















MMB. 


aoe rg srey 308 











DTN oes 











W. G. Karr 


Milk as the Source of Vitamine. 
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Cuart 12. Dog J, days 224 to 242, Cuart 13. Dog L, days 179 
Food 1. to 187, Food 1. 


To eliminate the possibility that this phenomenon of renewed 
appetite might be due to the supplementing action of the protein 
in the vitamine preparation, experiments were conducted with a 
concentrated vitamine extract. 
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Experiments with Concentrated Extract. 





RSG) oret+ 3cc. o 
FHS orer+sec. o 





-~ 


Cuart 14. Dog Q, days 41 to 58, Food 1. 
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Cuart 15. Dog O, days 92 to 106, Food 2. 


To control further the possible supplementing action of pro- 
teins, 10 to 15 gm. of casein diet, No. 1, were given to an animal 
which was being offered gluten diet, No. 2; this provoked no 
increase in the food intake (see Appendix, protocol for Dog O, 
days 90 to 95). 

That the failure of appetite is actually associated with the lack 
of vitamine is further shown by the fact that it does not occur 
when the accessory food factor is furnished from the very start 
along with the vitamine-free food. Dog L (see Appendix, pro- 
tocol for Dog L, days 1 to 120) was placed on casein diet, No. 1, 
to which were added 3 gm. of Yeast A daily. This animal con- 
tinued to eat throughout a period of 120 days, was in good health, 
and gained weight when the diet was increased in amount. The 
longest period that any animal continued on the same diet with- 
out vitamine was 68 days (see Appendix, protocol for Dog G, 
days 1 to 68). 

Two animals were fed quantities of 10 to 15 gm. of butter 
(see Appendix, protocols for Dogs L and I) to ascertain whether 
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or not the fat-soluble vitamine might influence the appetite. 


No appreciable increase in the food intake was noted. 

Experiments on the Destruction of the Vitamine.—To determine 
the influence of drying the vitamine preparation at temperatures 
near 100°C. experiment; were conducted with Yeast C (Charts 
16, 17, 18). 





Cuart 16. Dog Q, days 82 to 93, Cuart 17. Dog P, days 74 to 83, 
Food 1. Food 2. 
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Cuart 18. Dog I, days 197 to 224, Food 1 


These data indicate that little or no vitamine was destroyed 
by drying at temperatures near 100°C. 

To determine the influence of still higher temperatures Yeast 
B was fed (Charts 19, 20, 21, 22). 

Some of the accessory substance had apparently been destroyed, 
as it required considerably more of this preparation to provoke 
the ingestion of the regular ration. 
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Cuart 20. Dog P, days 53 to 77, Food 2. 
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—5 DAYS—> 
Cuart 21. Dog J, days 267 to 277, Cuart 22. Dog B, days 63 to 74, 
Food 1. , Food 1. 


Quantitative Relations.—1.5 gm. of Yeast A have in all cases 
been sufficient to bring the food intake back to normal, and 
often 0.5 gm. was sufficient, while with Yeast D 3 gm. were 
approximately the minimum which would produce this result. 
Charts 23 and 24 show a direct comparison between Yeasts A 
and D, while Chart 25 shows clearly the destruction of vitamine 
in Preparation B. 
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Cuart 24. Dog J, days 73 to 94, Food 2. 


Petetesecece | DIET + 50M. YEAST A 
Reriiegett | DIET? 4GM, YEAST 8 








Cuart 25. Dog L, days 151 to 161, Food 1. 


100 ee. of tomato, Preparation F, were often effective while 
200 ec. have not failed to restore the food intake. 50 to 150 ee. 
of milk have proved sufficient. 

Charts 26, 27, 28, and 29 show the effect of gradually increas- 
ing amounts of vitamine preparation added to the diet until 
the animals consumed the total amount of food offered. 

A rather definite minimum amount of water-soluble vitamine 
seems to be necessary to sustain the desire to partake of food 
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Cuart 26. Dog J, days 102 to 126, Food 2 


Ge oes 

AQ) DIET + 10M. YEAST D 
WL). DIET 2GU.YEAST TC 
DIET #35GU. YEAST D 
DIETT4GM YEAST D 


amy 


Cuart 27, Dog J, days 192 to 216, Food 1. 
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which is otherwise adequate for the nutrition of the animal. 
The quantity varies with the animal. 0.5 gm. of Yeast A was 
sufficient for some animals while others required 1.5 gm., and in 


a similar way the requisite amounts of the other vitamine prepa- 


rations vary. The needs for the same animal seem to be quite 
constant. Dog J, which was refusing most of the gluten di 

No. 2, offered, was given 3 gm. of Yeast D. This increased the 
food intake, but was not quite adequate to cause the ingestion of 
all the food. 120 davs later when the animal was or easel! 
food and in better nutritive condition it was again given 3 em. of 
Yeast D. This amount again was not sufficient to cause tl 


ingestion of the entire diet. but. following this period. 4 en 


were found to be effective. The quantitative requirements of 
this animal were very similar under widely different reum- 
stances (see Charts 24 and 27). Furthermore, animals which 


require a larger dos ize of one vitamine preparation will 
correspondingly larger dosages of the other’ preparati 
Amounts of vitamine not adequate to cause the Ing s110Nn O} all 
the offered food, nevertheless, generally increase the food intake 
pe reeptibly. 

In two cases (see Appendix, protocols for Dog H, days 82 to 
86, and Dog Ek, days 66 to 75) the animals were allowed to remain 
in a state of inanition and became very emaciated. Attempts to 
resuscitate the desire of these animals to eat fail d even though 
large quantities of yeast were given. One recovered when milk 


was given by sound; the other was not given milk and died. 
Patholoate Pe jmptoms ot 4 fama ie DD 


In certain animals which continued to eat their food for a 
longer time than others without the addition of anv accessory 
substance, there appeared typical pathologic symptoms see 
Appendix, protocols for Dogs F, G, I, M, R). The animals 
first vomited, became inactive, refused their food, and then 
developed characteristic polyneuritic symptoms. The animals 
could not walk, finally could not stand, and generally lay with 


their legs sprawled out at the side. They were seized with 


severe tetanic convulsions especially when handled, removed 
from the cage, or set down quickly on the floor. The head was 

















268 Water-Soluble Vitamine and Nutrition 


in motion and there were often tremors and twitchings of the 
muscles. These symptoms are comparable with those described 
by Voegtlin and Lake.’ Either the loss of control of the legs or 
the convulsions may appear first. The above authors do not 
mention the preliminary vomiting and they lay stress on the loss 
of body weight which from the present data seems only concomi- 
tant with the lowered food intake, as some of the animals main- 
tained their weight until they refused the food, a short time before 
t he polyneuritic symptoms became apparent (see protocols ior 


Dogs G, M, R). Doe I which had a lowered food i 


very emaciated before developing the symptoms. 


| ike 


grew 

These pathologic symptoms could be alleviated and practically 
eliminated within a period of a few hours by administering water- 
soluble vitamine in the form of brewery yeast or tomato. Dog 
G which had the most severe convulsions, numerous and occur- 
ring frequently, and had no use of its legs, was given 5 gm. of 
Yeast A and when observed 8 hours later was able to run from its 
cage with a slight loss of control of the hind legs as the only 
apparent symptom remaining. Dog S, having severe convul- 
sions, was given 3 gm. of Yeast A which was sufficient to 
eliminate all polyneuritic svinptoms and cause the animal to 
consume all its food for a number of days afterwards. 40 days 
later the animal again became polyneuritic and was cured by 
administering 400 ce. of tomato, Preparation F. After 60 days 
the animal developed the third attack of polyneuritis. It was 
fed 10 gm. of Yeast D, and showed no improvement the follow- 
ing day when it was given a 20 gm. dose. The animal died dur- 
ing the night. It is very probable that the bakers’ yeast was 
much less efficacious in alleviating polyneuritic symptoms than 
equivalent amounts of brewery yeast. Dog F was given doses 
of 3 gm. of Yeast A without any beneficial fesult and later died. 
The dog was at the time nursing three voung which might have 
been a sufficient drain on the mother’s source of vitamine so that 
the dose of 3 gm. produced no curative effect. This dog only 
showed paralytic symptoms of the legs and had no convulsions. 
Dog G at the second attack of the disease was given a dose of 3 


gm. of Yeast A without any alleviation of the symptoms and was 


1918-19, xlv 55S 
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was so bad that no 


Drving at 100°C. does not affect the efficacy of these vitamine 
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Doqg B Offered 170 gm. of Food 1 daily 
Ate food for the first 24 days whereupon 
Days 42 to 45. Fed brewery Yeast A (see Ch: 

autoclaved Yeast B (see Chart 22 

sody weights: 
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Dog E.—Offered daily 110 gm. of Food 1, 
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litter of three pups until the 33rd day when it began to refuse part of its 
food. It continued on this lowered food intake until the 66th day where- 
upon it had become very emaciated. It was given on 4 successive days, 
5 gm. of Yeast D, 10 gm. of Yeast D, 5 gm. of Yeast A, and 5 gm. of Yeast 
\, which provoked no ingestion of food. It was then fed 250 ec. of milk 
for 3 days and on the following day ate the regular diet. The diet was 
increased to 130 gm. On the 89th day it again refused its food where- 
upon it was fed 2 gm. of Yeast B daily which provoke d the food intake rep- 
resented in Chart 19. The animal died on the 120th day and the autopsy 


showed diseased lungs. 


Body weights: 


Days...8 20 34 2 48 Sf 62 67 %7 80 S87 O94 119 
Kilos 6.6 5.1] [7 £424 42 4249 39 38 33 $87 39 3:7 ; 


Dog F.—Offered daily 180 gm. of Food 1 

Ate well for the first 18 days whereupon she gave birth to four you 
She then refused part of her food and on the 22nd day ate none. Fed 3 
gm. of Yeast A. Consumed regular diet (see Chart 4). Continued to eat 
and was fed 3 gm. of Yeast A dailv during days 30 to 35. On the 36th 
day the dog lost control of its hind legs and could hardly stand. It was 
given 3 gm. of Yeast A in a.m. and 3 gm. more in p.m. On the 37th day 
the dog was about the same in a.m. but worse in p.m. It lay with its 
legs sprawled out at the side and could not raise its head. It was able to 


wag its tail and was in no apparent pain. On the morning of the 38th 


day the dog was found dead. (Dog had a marked polyuria during the 
whole period under observation 
Body weights: 
Days 7 15 19 2% 
Kilos 10.0 9.6 96 S 8 7 2 ie 
Dog G Offered 140 gm. of Food 1 
Dog ate food well until the 63rd day when it vomited a portion. It 


vomited its food for 3 or 4 days and on the 67th day lay down most of 
the time. On the 68th day the dog for the first time did not eat its food. It 
spasmodically lost control of its legs when they shot out at the side of the 
body and the head was drawn to one side. On the 69th day its condition 
was about the same and it continued to refuse food The next day the ani- 
mal sat with its hind legs sprawled out at the side and could not walk. 
7ist day. Head shook; some tremors of the leg muscles; spasmodic tetanic 
convulsions when dog straightened the fore legs out front and the hind 
legs to the rear with the head thrown back. This occurred especially when 
the dog was set on the floor. 11:30 a.m. was given 5 gm. of Yeast D by 
sound. 3p.m. the dog was much worse. The convulsions were more severe, 
the dog throwing itself over on its side and banging its head on the floor. 
> 


These occurred every 2 or 3 minutes while the dog was under observation 


i 


outside the cage. 3:30 p.m. given 5 gm. of Yeast A bv sound. 12 mid- 
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night, dog ran from the cage All nervous sympton were gone except 


that it did not have full control of Its hind legs 1 condition which per 


sisted for a few days The next day the dog ate all its food (in the ONtl 
dav the vitamine was igain removed The dog contin ied ft eat well aga 
intil the 145th day when it refused its food It eontr led t ré ise Ts 


food for 5 days when polyneuritie symptoms began to be noted it had 
som nvulsions and walked with difficulty l5ist day lp. the y 
was given 3 gm. of Yeast A 52nd day. The dog w much worse; tel 
perature 28.3°C It was given 10 gm. of Yeast A in the aa but the 
nil i] ( naition w t ! naty } ay tm ter 
during the night 
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Dog 1.—Offered 110 gem. of Food 1 daily 


Ate food well for 20 days or the next 25 days it ate a portion of its 
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on dl eacn day with an ave rge 1 od int ike ot 55 gm th day [he ak 


sould hardly stand, the hind legs more paralyzed than the fore; the head 


was in motion from side to sid 10 a.m. it was fed 5 gm. of Yeast 
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5 p.m. much improved and ran from the cage with only a slight wobble in 
its hind legs. The dog was in poor nutritive condition and was fed yeast 
with an increased diet in order that it might gain weight. 71st day. The 
yeast was discontinued and the food offered daily was now 130 gm. of No. 1. 
S5th to 105th days. Ate only part of itsfood. 106th to 123rd days. Experi- 
ments were conducted with bakers’ yeast (see Chart 7). 147th day. Again 
refused part of its food. Experiment was conducted with tomatoes as an 
accessory (see Chart 8). This was followed by an experiment in which 
1 gm. of Yeast D was compared with 1 gm. of Yeast A (see Chart 23 

The dog again in poor nutritive condition was given an increased diet 
with 2 gm. of Yeast A daily. It was placed on the regular diet at the 
180th day. For the next period of 13 days the animal was given 10 to 15 
gem of butter daily in order to determine whether or not the fat-soluble 
vitamine might have any effect on the appetite. No appreciable increase 
in the food intake was observed. 200th day. Accessory Preparation C was 
tried (see Chart 18). The animal was without accessory from the 208th 
to the 239th day when experiments with Milk E as accessory were tried 


see Chart 11). Days 251 to 264. No accessory. 265th day. Fed 2 gm. 


of Yeast C which caused it to consume all its food for 4 days. Days 272 


to 275. Fed Yeast B 


sody weights 


Day I 7 19 2) ol 37 15 52 59 67 
Ix il Ss 6.9 6 4 6.3 58 5 } 5 l } 5 5 1 5 l 5.5 
Day 74 S| SSS US LOG 113 120 133 142 
KXKilos 5.9 6.1 5.8 5.3 19 5.2 ee 16 19 
Day 148 155 162 169 176 183 190 197 4 
Iy iLO LS tS } b 5 2 5 7 5 j 5.5 53 5 
Day 211 218 225 232 239 248 256 O67 
Ix l ) 5 } 5 7 D 7) 5.6 5 » 5.5 5 5 5 2 


Dog J.—Offered 115 gm. of Food 2 (gluten) daily 

First 75 days the animal was used for metabolism experiments and 
had received Accessory A on certain days. At the end of the period it 
was in rather poor nutritive state. 73rd to 94th days. See Chart 24 
102nd to 126th d ivs. See Chart 26 15th to 133rd days Yeast discon- 
tinued, eats part of food, 134th day Changed to 100 gm. of Food 1 
After this change of protein the dog consumed the whole diet for 6 days 
after which food intake decreased 143rd to 157th days. See Chart 10 


It was now supplied with all the food that it would eat together with 2 
gm. of Yeast A daily in order that it might gain weight. 177th day. 
Placed on diet of 110 gm. of Food 1 192nd to 215th days. See Chart 
27. 223rd to 240th days. See Chart 12. From this period on it was con- 
tinued on the same diet and used for other experiments. Days 270 to 275 


Fed Yeast B (see Chart 21 
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Kyi Ss 66 6.4 6.2 6 2 
LD 67 74 S] SS 
Kilos tS 1.5 t 4 | 
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was a rather young dog and between thi 


less decreased until the 61st day when thi 


Died during the 
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Ix 6 2 5.9 . 
Dog I Offered 130 gm. of Food 1 daily 


\ daily It ate the food very 


re adily for the first U0 days During the last 30 days it seemed to tire | 


small amount of 


30th and SOth days 


its diet was increased to 180 gm. with the resultant increase in b dy 
’ weight Dog was now offered 150 gm ot Food l daily During the next 20 
ivs the food intake gradually declined to a small amount each d 
140th to 147th days. Given 10 to 15 gm. of butter to determine the effect 
the fat-soluble vitamins The food intake was not increased 14St} 
Loot days ser Chart 25 56th to ISlst days Food intake 
creased with no accessory added IS2nd to 186th day See Chart 
The dog had developed a skin disease and was killed 
Body weights: 
Day l Ss Ld a ss a) }) 19 54 60 
Iy s 6.6 6.7 6.6 6.6 6 68 6 9 6 9 6 9 ee 
D 67 74 s4 Q3 Q9 106 113 120 127 
Ne S 7 } 7 b 7.6 7 7 S s 0) S ] ~ S 
1) 134 141 148 155 162 169 176 IS35 
ly s 5.0 tie 7 7.3 7.5 7.58 7.4 7.4 
Dog M.—Offered 125 gm. of Food 1 daily 
\te whole diet for 21 days after which the food intake was more o1 


some for 2 days 


dog vomited 


63rd day. Refuses its food. During the next 3 days symptoms of poly- 
neuritis developed It walked with difficulty; the head shook som« 67t! 
Slight convulsions. Condition not considered very serious and was 


night 
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Body weights: 
Day ! 11 19 5 3 


Kilos 65 6.5 64 6 3 { 


Doq O.—Offered 130 gm. of Food 2 


| irst 50 days Was used for othe r experiments 


intake decreased on no accessory 90th to 95th days 


Kood 1 Chere was no increase in fo« 


Chart 15. The dog died on the 107th d L} 
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The dog had spasmodic convulsi 











276 Water-Soluble Vitamine and Nutrition 


Dog X.—Offered 125 gm. of Food 3 daily. 
The animal ate the food well for 22 days whereupon the food 
diminished. 28th to 3lst days. Fed Yeast A (see Chart 1). Th 


intake again diminished until days 39 to 41 when it was fed Yeast ¢ 


Body weights 
Day 


Kilo 


int 
ail 





























METABOLISM STUDIES WITH DIETS DEFICIENT IN 
WATER-SOLUBLE (B) VITAMINE. 


By WALTER G. KARR. 


From the Sheffield Laboratory of Physiological Cher Yale ( 
Ve Haver 
Received for publication, September 17, 1920 


It has been suggested that vitamines may exert their unique 
function in intermediary metabolism or in the glandular secretory 
processes connected with digestion in the alimentary tract. With 
this possibility In mind studies of nitrogen metabolism were made 
with animals on similar diets respectively rich in or devoid of 
water-soluble (B) vitamine. The general plan was to compare 
the metabolism of an animal recently placed on a vitamine- 
free diet with its metabolism at a later period on the same diet; 
also to compare the metabolism on a vitamine-free diet with 
pe riods in which a supply of water-soluble B) vitamine had been 
added and to control the possible supplementing action of the 
protein of the crude vitamine-yielding substance by a further 
period in which a corresponding amount of purer protein was 
added. 

our female dogs were employed. They were kept in ordinary 
metabolism cages, and the urines of different days or periods 
were separated by catheterization. The feces were marked into 
periods with carmine and after addition of alcohol containing a 
few drops of acid they were dried on a water bath. Total nitro- 
gen was determined either by the Kjeldahl method or Folin’s 
macro modification for urine. 

The protein of the diet was supplied by either commercial 
casein! or commercial wheat gluten,? both of which are known to 


The casein was purchased from Lister Brothers, New York It was 


| llow, quite finely ground, and the samples generally 


olored very ight ye 
contained about 12.7 per cent of nitrogen 
> The wheat gluten was purchased from the Pure Gluten Food Company 


Columbus, Ohio. It was very finely ground and contained 12 to 14 per cent 


I nitrogen 
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be relatively free from water-soluble (B) vitamine. The remai 
ing calorific requirement was furnished by lard and sucros 


which were added 2 gm. of a salt mixture and 5 gem. of bone ash 


the latter to give proper consistency to the feces. Equal portions 


f the food were given daily soon after eatheterization in th 


morning. Water was supplied ad 
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In Table I the data for Dog G are given in greater detail, 
because, as has been indicated elsewhere,’ it is rather rare to 
obtain an animal which will consume, for such an extended length 
of time,a diet that is highly deficient in water-soluble (B) vitamine. 


Protocol—Dog G. The dog was placed on a diet which was free from 


the water-soluble (B) vitamine containing about 6.2 gm. of nitrogen and 


620 calories. It ate the diet very eagerly The first metabolism period 
was begun on the 14th day as indicated in Table I. The animal con- 
tinued to receive the above mentioned diet whenever it was not on a metab- 
lism test. After the animal was removed from the third metabolism test 


on the 60th day it began to vomit some of its food and on the 68th day for 
e first time refused to eat and showed definite symptoms of polyneuritis 
s previously described. It ate no food again until the 72nd day, immedi 
itely after it had recovered from the polyneuritic symptoms which were 
eviated bv administering brewerv veast The dog then continued to 


t 


eat, consuming the original diet to which 3 gm. of veast were added daily. 
Metabolism experiments were thereupon continued as indicated in the 
t ible 


DISCUSSION, 


Period 3, Table I, represents the metabolic study of a dog 
which had been on a vitamine-free diet for 56 days and soon 
thereafter developed severe symptoms of polyneuritis. It had 
maintained its body weight and was in good nutritive condition. 
\pparently the intermediary metabolism of nitrogen was not 
materially affected by the lack of the water-soluble vitamine. 
Period 4+ in which water-soluble (B) vitamine was supplied by 
brewery veast has a larger positive nitrogen balance. ‘The data 
are complicated by at least two factors: first, the supplementing 
action of the veast protein; and, second, the fact that the balance 
experiment in this test was conducted soon after a period ol 
decline in body weight during which the animal consumed no 
food (days 68 to 71). Hence the favorable result may be only 
the usual phenomenon of recuperation on a calorifically ade- 
quate diet. Metabolism experiments on vitamine-free diets are 
complicated by many factors, especially the intimate relation of 


1926), xliv, 255. 




















water-soluble 
supplementing action of the protein in the crude 


stance used. 
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desirable that 
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protein-free vitamine concentrate is available 


ments be 


rABLE Il 
Dog O 
] 1 (10-13 5.6 14S 100 100 1. SSO. 19_.620.7 40 2 20 
2) 4 (14-17 9.4 144 8S 100 1001,8S8019.619.5 41 2.20 
§ 10 (18-27 »4 70 250/250. 4,700 49. .049.8) 90) 2.7 2 
} 5 sS— 32 > 3 ISO 10 125 125 2 350 D4 5 24 | 5 4 >.o | 
»D| 9 41 9.3 10324 225/225)/4, 230,44.1/39.2) 95) 3.1/2.! 
6 | 3 (42-44 5.3 111 79) 75'1,410)14.7/13.9) 34, 2.80.5 
7) 5 (45-49 D.3 180; 10|125)125)2, 350/24 .5|21.2) 57; 2.8 
Dog J 
| 1 (15-18 6.2 160 100 100. 1,940:20.7 20.1 62> 2.7 
$ (36-39 OD 160 =8§ 100 100:1,96019.617.3 50 2 
, 5 (46-50 > 6 mi 125) 125)2, 450/24 .5'24.2) 56) 2.5/1 
| t (53-56 5.6 160, S§100:1001,95019.6:18.1) 46 2.8 
Dog B 
S- 7 lO. 4 240 225 225'3,900 33.630.3 66 2.61 
” t (10-13 10 4 6 186 ISO: 180.3,120 26.9:25.0 66 2.51 
5 (17-21 id.4 233) 15.225 .225:3,900 33.631.6 59 2.81 
Che food was fed in equal portions each day. 
| The brewery yeast which was supplied by the Hinckel 
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The data in Table IT are presented more to show the interesting 
supplementing action of suitable protein than the possible effect 
of a vitamine substance in relation to a vitamine-free diet. Small 
quantities of a good protein in the form of casein or veast exerted 
remarkable etlect on the nitrogen balance ol an animal which 
as consuming proteins of wheat gluten which are known not 
to be so “compl te.”’ In view of the small portions sufficient to 
produce this result, the quantities of amino-acids involved in the 


deficiencies must have been small at most 


Phe data are very consistent In showing that thi Wtrogen 
utilization in the digestive tract was unaffected by the absene 
of water-soluble (B) vitamine. From this we may conclude that 

secretions of the glands intimate] SSO h digestior 

| ibsorption were not materiall Cd l ) h 

eessoryvy Tood tuctors, 


Phe lack Ol t he waterzsoluble accessory does not affect the 
utilization of the nitrogen.in the alimentary tract of the dog. 

11 Is probable that the lack of watt r-soluble B vitamins does 

, 1, , | + er —— er. 
hot Prunariuy LILe CT tii mtermealal metadolsm oO proveln 


nitrogen. 
Data are presented which show that small amounts of a good 
> 


protein beneficially supplement proteins which are known not to 


hy so ‘‘complete.” 


The writer gratefully acknowledges the helpful advice of 
B. Mendel throughout the cour this 














SOME AMINO-ACIDS FROM THE GLOBULIN 
COCONUT AS DETERMINED BY THE BUTYL ALCO- 
HOL EXTRACTION METHOD OF DAKIN. 





By CARL O. JOHNS ano D. BREESE JONES 


/ he Protein Investigation Laboratory, Bure ( 


Che work deseribed i 


determination of the amino-acids which remau tl que 
solution of the hydrolysis products of coconut globulit 
has heen subjected TO t he eXTraction With normal 


according to the method deseribed by Dakin 


By this method practically the whole of the di-basi eis 
:' , 
the diamino-acids are contained in the aqueous solutior 
nd serine extrac ad \ nh cdimieuity, se ! 
1M ted Oo be prese! hye r;gueous Soll 0 
Phe coconut globulin used tor this hvdrolvsis 
lecserphed in a ns rn? ously public } from this heoypreat 
described in a paper previously published tro ) orate 
, : ‘ 
Both the diamino-acid nd most of tl y ! 
removed before ! on with bu no 
: . 
nosed that ‘ DETTE ) on oOo t ( } 
etiected ite] is reme 
Satisfactory results were obtained for asp p 
, — , , ’ 
ic1ds The presence of hvdroxvglutaminic qd eould 
; established If present it must have been in very lu 
1 ] l | 1 l 1 
Of the amino-acids carried over by the butvl aleoho 


det rmined. \ yy ptic 1 hydride was isolated ind hmentine 


n oj] 


leucyvlvaline anhydride. The question whether the origi 


dipeptide anhydride was due to incomplete hydrolysis of 


could not be established, eithe rin the aqueous solutior or am 
the products that were extracted. rom t hi mueous soit 


. 








protein, ol whether it may have been forme d as a seco dary Dp 


duct during the extraction, is unsettled. The presence of glyeu 
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were also obtained about 8 gm. of a mixture the properties and 
analysis of which indicated that it consisted largely of alanine, 
with an admixture of serine. 

It was found necessary to continue the extraction for about 65 
hours in order to arrive at the point where no more material was 
being carried over by the butyl alcohol. About 72 per cent of 
the total amount extracted was carried over, however, during th 
first 23 hours of the extraction 

\s the products which were extracted by the butvl alcohol 
wer iccompanied by a small amount of a reddish oil, which 
suggested some tvpe of decomposition, and which was difficult 
to remove wholly from the other products, the isolation and 
determination of the other amino-acids were not carried out 
A separate hydrolysis of the eoconut elobulin and a complet 
determination of the hydrolysis products without the use of the 
butvl aleohol extraction method is published in the next paper 
od). \s a comparison of the methods, it can now be stated that 
the extraction method has given the higher vields of the di-basic 
acids 

‘The percentages of the amino-acids determined are summarized 


in Table I. 


\BLI 
1 1 D 
( 0 00 
\la ~ 04 
Pr 5 54 
Glu 19 O7 
Hyvdt y 0 OO 
\s 5 12 
s 1.76 
l 0) 64 


EXPERIMENTAL, 


159 gm. of coconut globulin, caleulated on a moisture- and ash- 
free basis, were hydrolyzed by boiling with 1,500 ce. of 20 per cent 
hvdrochloric acid for 27 hours. The solution was concentrated 
under reduced pressure to about one-half its volume, in order to 
remove most of the hvdrochlorie acid, and after diluting with an 


equal volume Ol watel the SUS nded humin Wiis removed by 
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Phe fre 
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gave the following results 
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Howe ver, 
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eorrections tor the 
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manne! and the excess O 





with ‘ulated 


trates from the glutamini 
L.OOO ce. 
an aliquot 


The original protein used 





CC, O. Johns and D. B. Jones 
decolorized 


washed with 


solution. 


solution of the hydrolysis products was thus obtained 
L.OOO « 
with hvdrochloric acid gas and allowed to stan 
There were obtained in the u 


of pure glutaminic acid hydrochloride, equiy 


with a small amount 
om 4 subseque nt fraction amounts to 19.07 per ce 
id hydrochloride decom 


i¢ d D\ che COTNDOS! 


amount 


Determinat 


determination oO 


taken which 


LO! 


ntained 17.47 per cent of nitrogen, so the 200 gm 
in the aliquot taken for analysis should have contained 34.95 gn 
determination 
ol nitrogen 
which had 
humin, leat 
for, due to 


norite, and remo\y 


Concentrated hvdrochloric acid was added to th 
the extent of 3.5 per cent, and the basie amino-acids we 
from a volume 
bulky precipitate of phosphotungstates Was 


phosphot ungstk 





acid hy 
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with ether-amyl aleohol mixture. The hydrochloric acid was 
removed with silver sulfate. A determination of the total nitro- 
gen in the solution showed that 18.81 gm. of nitrogen had been 
removed incident to the removal ol the bases. The basic amMino- 
acids, soluble humin, and amide nitrogen which this solution 
should have contained as calculated on the basis of the per- 
centages reported In & previous publication 2 would have 
represented 16.61 gm. of nitrogen, leaving, therefore, 2.20 gm 
unaccounted for. By thoroughly rewashing thi pl cipitate ol 
phosphotungstates 1.426 gm. of nitrogen were regained, still 
leaving 0.57 gm. unaccounted for. The combined solutions of 
the free amino-acids were then concentrated, and after r moving 


2293 On. OF Tyrosine were subjected to the butvl «] 


cohol extrac 
tion as deseribed by Dakin (1 
Kat action, rhe solution Ol amino-: erds was red ead TO 


volume ot OOU ee. and extracted lol about 35 hours with normal 


butvl aleohol according to the manner deseribed by Dakin. 
The aqueous solution was then made nearly neutral with barium 
hydroxide and the extraction continued for about 30 hours Che 
extractions were run during the day, and, after standing over 
night, the separated amino-acids were filtered off and most. of 
the butyl aleohol was distilled under reduced pressure, the residue 
being reserved for the proline determination. The ext 
the aqueous solution was resumed each morning using fresh butyl] 
ilcohol and in that wav a long continued heating of ny ¢ the 
amino-acids in the butyl aleohol was avoided Phe extraction flas 

containing the butyl aleohol was heated in an oil bath i tem 
perature adjusted so as to give a moderately rapid flo f alcohol 
returning to the flask. There were obtained a total of 38.52 em 


of amino-acids insoluble in the butyl aleohol. Early in the cours 


+ 4 


of the extraction small amounts of a thick, reddish oil were carried 


over, which eradually adhe red to the bottom of the flask na 
could thus be largely separated from the amino-acids in suspe1 
ston. During the whole extraction 4.5 PIN. Ol this substance wer 


obtained. It is readily soluble in water in which it reacts slighth 


alkaline to litmus, but is insoluble in aleohol. On long standing 


11 showed no tendeney tO ervstallize. Its eeneral behavior 


strongly suggested it LO he +a product oO} secondary origin. 
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Di-Basic Acids.—The aqueous solution remaining after the 
extraction with butyl aleohol was concentrated to about 200 ce. 
and the barium hydroxide removed quantitatively with sulfurie 
acid, Hydrochloric acid was added to the extent of 20 to 30 
per cent, and the solution boiled for 17 hours to hydrolyze any 
pyrrolidone carboxylic acid which may have been present. The 
solution was then examined in the usual way for glutaminic acid 
as the hydrochloride but not any was obtained. After most of 
the hydrochloric acid was removed by distillation under reduced 
pressure, the amino-acids in the solution were converted into their 
calcium salts according to the method of Foreman (4). 11.41 
gm. of copper aspartate were obtained in the usual characteristic 


erystal form. 


0.2035 gm. of substance ir-dried) gave O.0S91L gm l copy] 
‘ 


The filtrate from the copper aspartate, after removing the cop- 
per, was examined for hydroxyglutaminic acid, and about 9 gm. 
of a silver salt were obtained, the analysis of which did not agree 
with that of silver hydroxyglutaminate. The silver was removed 
with hydrogen sulfide, and on concentrating the solution 1.22 gm. 
of aspartic acid crystals separated. They turned red but did not 
melt below 280°C. Their identity was confirmed by conversion 
into the copper salt, the analysis and physical properties of 
which agreed with those of copper aspartate. 

The residue obtained by evaporating the filtrate from the 
aspartic acid to dryness weighed 2 gm. This residue further 
yielded 1 gm. of glutaminie acid crystals which decomposed with 
effervescence at 203°C. It is therefore evident that the first 
separation of glutaminic acid was practically complete. The 
very thick syrup composing the final residue may have been 
hydroxyglutaminic acid, or it may have been pyrrolidone car- 
boxylic acid derivative. The amount was so small that it was 
not further examined. 

The alcoholic filtrate from the calcium salts, after removal 
of the calcium with oxalic acid, vielded 8.34 gm. of a sub- 


stance having a sweetish taste. It was examined for glvcine 
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in the usual way by esterification, but no trace of glycine ester 
hydrochloride could be detected. The hydrochloric acid was 
removed with silver sulfate, and the substance recovered. Not- 
withstanding repeated attempts by fractional crystallization, 
no definite product could be obtained. The substance erystal- 
lized mostly in nodular aggregates, and at times a few plates 
characteristic of serine were discernible. Analvsis showed the 
mixture to have 38 per cent of carbon and 7.26 per cent of hydro- 
gen. Unfortunately a considerable portion of this mixture was 
accidentally lost. About 1 gm. of the remainder was treated 
with phosphotungstic acid in 10 per cent sulfuric acid, and char- 
acteristic erystals of alanine phosphotungstate were obtained. 
\s is shown in the following publication (3), the coconut globulin 
contains serine, so that there is little doubt that the above 
mixture consisted almost wholly of alanine and serine. On this 
assumption the original 8.34 gm. of the mixture consisted of 5.02 
gm. of alanine, and 3.32 gm. of serine, as calculated on the basis 
of the percentage of carbon found. 

Proline.—The butyl alcoholic filtrates, containing the proline 
and obtained after filtering off the amino-acids, were concen- 
trated to rather small volumes, and allowed to stand for 2 or 3 
days. The substance which separated was filtered off, washed 
with alcohol, and the filtrate and washings were taken to dryness. 
The residue was then taken up with a small amount of water, 
the insoluble portion removed by filtration, and the filtrate again 


3y alternately extracting the residue with 


taken to dryness. I 
water and absolute alcohol in this way, there was finally obtained 
a product which was readily soluble both in cold absolute alcohol 
and water. Dakin has shown that the proline residue obtained in 
this way is much purer than might be expected and that “it 
compares favourably with the  aleohol-extraction product 
obtained by the ester method.”’ The total non-proline substance 
removed was reserved for further examination. The final pro- 
line residue was dissolved in water and made up to 500 ce. Total 
nitrogen and amino nitrogen determinations were made on 10 ee. 
aliquot portions. There were found 1.9740 gm. of total nitro- 
gen, and 0.6248 gm. of amino nitrogen. The difference, or non- 
amino nitrogen, 1.3492 gm., represented 11.08 gm. of proline, 
equivalent to 5.54 per cent of the globulin, 
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Leucylvaline Anhydride.—The material which separated from 
the alcoholic proline solutions, previously referred to, weighed 
about 4 gm., of which 1.2 gm. consisted of a substance extremely 
difficultly soluble in water. It crystallized from absolute alcohol 
in a voluminous mass of long, fibrous, hair-like crystals. It was 
moderately soluble in boiling absolute alcohol, easily soluble in 
hot glacial acetic acid, difficultly soluble in dilute hydrochloric 
acid, and extremely difficultly soluble in boiling water. It had 
a bitter taste, and when heated in an open vessel sublimed in 
voluminous clouds, which filled the upper part ol the vessel. 
It melted to a dark oil at 285-287°C. and gave the following 


results on analysis: 


0.1524 gm. of substance gave 0.3477 gm. of carbon dioxide and 0.1154 
n f water 

0.0978 gm. of substance required 9.35 ec. of 0.1 N acid. 
culated for 

CyuHwOrN Four 

CU 62.2] 62 .22 

H 9.43 9.73 

N 13.20 13.45 

{ll the observed properties of this compound, togeth« r with 
he result obtained by analysis, agree closely with those of the 


anhydride of the dipeptide, leucylvaline, as described by Abder- 
halden and Funk (5). Lack of sufficient material prevented a 
satisfactory identification of the products which it vielded on 
hvdrolvsis with concentrated hyrochlorie acid. 

The monoamino-acids which were extracted from the aqueous 
solution by the butyl alcohol appeared to be contaminated to a 
certain extent by the syrupy substance insoluble in alcohol which 
has been already referred to, so that the attempt to separate and 
determine these amino-acids was abandoned. The most soluble 
portions, however, were examined for glycine, both as the picrate 
and the ester hydrochloride, but none could be detected. 

A complete determination of these amino-acids in a separate 


hydrolysis in- now in progress. 
SUMMARY. 


The hydrolysis products of the globulin of the coconut were 
subjected to the butvl alcohol extraction method of Dakin. 
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Attention was confined chiefly to the amino-acids remaining 
in the aqueous solution after the extraction. The following 
values were found: glutaminic acid, 19.07; aspartic acid, 5.12; 
alanine, 2.67; and serine, 1.76 per cent. No hydroxyglutaminic 
acid or glycine could be detected. 

From the amino-acids extracted by the butyl alcohol 5.54 per 
cent of proline, and 0.64 per cent of leucylvaline anhydride were 
isolated. 
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HYDROLYSIS OF THE GLOBULIN OF THE COCONUT, 
COCOS NUCIFERA. 


By D. BREESE JONES anp CARL O. JOHNS 
From the Protein Inve stigation Laboratory. Bureau of Chemistru. United 


States Department of Agriculture, Washington. 


ed 


teceived for publication, August 27, 1920. 


In the preceding paper from this laboratory (1) we have 
described the determination of some amino-acids from the glob- 
ulin of the coconut by means of the butyl alcohol extraction 
method of Dakin (2). This article contains the percentages of 
those amino-acids which remained in the aqueous solution of the 
hydrolysis products after it had been subjected to extraction 
with butyl alcohol. These amino-acids include glutaminic and 
aspartic acids, serine, and alanine. The presence of neither 
hvdroxyglutaminie acid nor glycine was established. Proline 
and leucylvaline anhydride, both of which were carried over by 
the butyl alcohol, were also determined. 

Since difficulty was encountered in the separation of the other 
amino-acids extracted by the butyl alcohol, a new hydrolysis of 
the same protein has been undertaken and a complete deter- 
mination of the degradation products made according to methods 
not involving extraction with butyl alcohol. This analysis not 
only gives the percentages of those amino-acids which had not 
been determined in the previous hydrolysis, but also furnishes 
supplemental data for comparison with those which had been 
already obtained. 

Somewhat of a departure has been made from the usual order 
of procedure in the analysis of the hydrolysis products of pro- 
teins. Before attempting to determine any of the amino-acids, 
the hexone bases were first removed with phosphotungstic acid. 
Glutaminie acid was then removed as completely as possible as 
the hydrochloride, followed by removal of the remaining di-basic 
amino-acids, Proline and peptide anhydrides were next re- 
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2 Hydrolysis of Coconut Globulin 


moved. The remaining amino-acids were then esterified, with 
very satisfactory results, by means of their lead salts according 
to the recently published method of Foreman (3). The isolation 
and determination of the amino-acids obtained from the esters 
were accomplished for the greater part in the usual way. 

The results of this hydrolysis are given in Table I under Anal- 


ysis 2. For comparison there is also included in this table, 
FABLE I 
{mino-Acids n Co nut Glob 
Amino 1. \ - 
per cent I t 

Glycine ; 0.00 Trace. Trace. 
Alanine ‘ 2.67 t 11 £11 
Valine 3.57 3.57 
Leucine 5.96 5.96 
Proline j 5.54 2.85 5.54 
Phenylalanine 2.05 2.05 
Aspartic acid 5.12 3.88 §.12 
Glutaminie acid 19.07 18.69 19.07 
Hydroxyglutaminie acid 0.00 0.00 0.00 
Serine 1.76 1.41 1.76 
Tyrosine 3.18 
Cystine 1.44 
(Arginine 15.92 
Histidine ; : 2.42 
Lysine.. 5.80 
Tryptophane Present. 
Leucylvaline anhydride 0.64 0.14 0.64 
Ammonia 1.57 

Total ; 78.15 


* Johns and Jones (1 


under Analysis 1, the percentages of the amino-acids obtained by 
means of the butyl alcohol extraction method. The last column 
contains the highest percentages obtained from both analyses. 
It is of interest to note that the summation of these figures is 
among the highest that have been heretofore obtained in the 
analysis of the hydrolysis products of proteins. 

The percentages of the basic amino-acids in coconut globulin, 
as determined by the Van Slyke method, have already been 
published (4 
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The butyl alcohol extraction method gave the higher results 
for aspartic and glutaminic acids, proline, and serine. The 
difference in the amounts of aspartic acid obtained is consider- 
able, while the figures for glutaminic acid are in very close agree- 
ment. In neither analysis could the presence of hydroxyglu- 
taminic acid be established. 

The low result obtained for proline in Analysis 2 may be partly 
accounted for by the difficulty encountered when filtering and 
washing the excess of lime while removing the di-basic acids by 
the lime-alecohol method. 

The percentage of alanine given under Analysis 1 shows only 
the amount that remained in the aqueous solution after the 
extraction, since that extracted by the butyl aleohol was not 
determined. 

No glycine was obtained ‘rom Analysis 1, while its presence in 
small amount was detected in Analysis 2, both as the picrate 
and the 8-naphthalenesulfone derivative. 

The total amount of tyrosine isolated at various stages of the 


analysis amounted to 6.32 gm. or 2.3 per cent of the protein. 


This is within less than 1] per cent of the amount found by the 
colorimetric method of Folin. Several undetermined syrupy 
residues obtained during the analysis still gave strong positive 
tests for tyrosine with Millon’s reagent. 

\ll the serine which was isolated in Analysis 2 was obtained 
from the unesterified portion of the amino-acids. ‘This fraction 
was filtered off with the barium residues which remained after 


liberation of the esters in chloroform with barium hvdroxide. 


EXPERIMENTAL. 


276 gm. of the ash- and moisture-free coconut globulin were 
hydrolyzed by first warming on a steam bath with 1,000 ec. of 
hydrochloric acid (specific gravity 1.1) until practically all had 
dissolved. The hydrolysis was then continued by boiling in an 
oil bath for 36 hours. The color was largely removed from the 
solution by means of norite, and the bases were precipitated 
with phosphotungstic acid according to the method of Van 
Slyke. The precipitation was made from a total volume of 18 
liters of solution in three separate portions of 6 liters each. After 
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standing for 41 hours the erystalline precipitates of phospho- 
tungstates were removed by filtration and thoroughly washed in 
the prescribed manner. From the combined filtrates and wash- 
ings, which had been reduced in volume to about 3 liters, there 
further separated on standing an appreciable amount of a crystal- 
line phosphotungstate precipitate. In view of the fact that this 
second crop of phosphotungstates had separated from a solution 
which had been greatly reduced in volume, and which now con- 
tained about 20 per cent of hydrochloric acid, it was subjected 
to a thorough examination in order to eliminate the possibility of 
loss of any monoamino-acids which might have separated from 
the concentrated solution. All that could be isolated and iden- 
tified consisted only of 0.23 gm. of tyrosine and 0.76 gm. of glu- 
taminic acid. It is probable that even these had been carried 
down by adsorption with the phosphotungstates of the bases. 
Phosphotungstie acid was removed from the combined filtrates 
and washings from the phosphotungstate precipitates, and the 
solution of amino-acids concentrated to about 600 ec. After hav- 
ing been saturated with hydrochloric acid in the usual way, this 
solution gave a large yield of crystalline hydrochlorides, which 
were washed with cold, concentrated hydrochloric acid, dissolved 


h hydro- 


in water, and reprecipitated by again saturating wit 
echloric acid gas. 50.37 gm. of glutaminie acid hydrochloride 
were finally obtained which decomposed with effervescence at 
199-200°. By concentrating the filtrate from the reprecipi- 
tated glutaminic acid hydrochloride a second crop of crystals 
weighing 10.14 gm. was obtained. As this contained amino- 
acids other than glutaminic acid it was recrystallized from con- 
centrated hydrochloric acid, and 3.83 gm. of glutaminic acid 
hydrochloride were obtained which decomposed at 199°. The 
traces of di-basic amino-acids remaining in the filtrate from this 
last crop were removed by means of the lime-aleohol method of 
Foreman (5) and added to the original filtrate from the glutaminic 
acid From the aleoholie filtrate 1.52 gm. of phenylalanine were 
obtained. 

The combined filtrates from the glutaminie acid hydrochloride 
were concentrated under reduced pressure to a thick syrup. 
The di-basie amino-acids still remaining in the solution were then 


removed as their calcium salts by means of the lime-alcohol 
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method. Some difficulty was encountered at this stage when 
filtering off and washing the calcium residue which remained 
after adding the lime to the solution of amino-acids. The residue 
did not settle readily in the usual manner, but formed a sticky, 
gelatinous mass which filtered with great difficulty. The pre- 
cipitated calcium salts yielded by the usual methods 10.70 gm. 
of aspartie acid, 1.50 gm. of glutaminic acid, both isolated as their 
copper salts, and 4.61 gm. of glutaminic acid isolated as the hydro- 
chloride. The copper aspartate gave the following results on 


analysis: 


0.2217 gm. of substance (air-dried) gave 0.0647 gm. of copper oxide. 


Calculated for 
CysHsOuN Cu.4$H20. Found 


The alcoholic filtrate from the precipitated calcium salts, 
amounting to about 3,500 cc., was concentrated to a syrup and 
diluted with water to a volume of about 1 liter. The calcium 
was removed by means of ammonium oxalate, and 4.28 gm. of 


tyrosine were isolated from the somewhat concentrated solution. 


0.1571 gm. of substance gave 0.3456 gm. of carbon dioxids nd 0.0SS88 
gm. of water. 
Calculated f 
CeHyOsN. I 
‘ 9 67 60 00 
_ ee ° , ‘ ; 6 US 6.28 


Chlorine was removed with silver sulfate, and the solution 
of amino-acids concentrated to about half its volume by dis- 
tillation with a slight excess of barium hydroxide, in order to 
expel ammonia. ‘The barium was removed quantitatively with 
sulfuric acid and the solution evaporated to dryness by distilla- 
tion under reduced pressure. The residue of amino-acids thus 
obtained weighed 99 gm. Proline was removed in the usual way 
by extraction with absolute alcohol. The residue remaining 
after distilling off the alcohol contained 0.4 gm. of a substance 
which was difficultly soluble in water. This compound crystal- 
lized from absolute alcohol in long, fibrous, hair-like needles, and 
melted to a dark oil at 285°. It was identical in every respect 


with the leucylvaline anhydride previously described and isolated 
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from this same globulin (1). The final syrupy residue of proline, 
which was completely soluble both in cold, absolute alcohol and 
in water, contained 0.4410 gm. of amino nitrogen and 1.2495 
gm. of total nitrogen. The difference, or non-amino nitrogen, 
amounting to 0.8085 gm., is equivalent to 6.64 gm. of proline. 
In order to separate the amino-acids which were insoluble in 
alcohol, they were esterified, and the ethyl esters fractionally 
distilled. The esterification was accomplished according to the 
method described by Foreman (3). The amino-acids were con- 
verted into their lead salts and the thoroughly dry salts sus- 
pended in about 750 ec. of absolute alcohol. The liquid was 
then saturated with dry hydrochloric acid gas, at first without 
cooling, and finally in a freezing mixture. After filtering off and 
washing the precipitated lead chloride, most of the free hydro- 
chlorie acid was removed by distillation at 40°, until the volume 
had been reduced about one-half. The hydrochloric acid still 
remaining was just barely neutralized with a solution of ammonia 
gas in absolute aleohol. After filtering off the ammonium chlo- 
ride, and removing the alcohol by distillation, the residue was 
dissolved in dry chloroform, and the esters were liberated from 


their hydrochlorides by shaking with dehydrated barium hydrox- 
ide.! Chloroform was removed from the clear solution of esters 


na A eS I mrs 


obtained after filtering off the solid barium residue, and the esters 
were shaken with anhydrous ether. An appreciable amount of 
substance did not dissolve. Since it appeared probable that this 
consisted largely of ester hydrochlorides which had escaped 





decomposition by the barium hydroxide, it was again dissolved 
in chloroform and shaken with more barium hydroxide. A slow 
rise in temperature was noticeable. The product obtained after 
removing the barium residue and chloroform was now practically 
all soluble in ether. 

The ether was removed from the united esters by distillation 
at atmospheric pressure and 95 gm. of esters were obtained. 

The ether and chloroform, as well as the barium residues, which 
were removed from the esters, were reserved for further examina- 
tion as follows. 


1 The barium hydroxide was prepared by heating the ordinary octahy- 
drate in an open porcelain dish over a free flame until a perfectly dry 
residue was obtained. This was powdered and finally heated in a vacuum 


oven for 5 to 6 hours at 105-110°. 
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The Ether and Chloroform Distillates from the Est 


The ether which had been distilled from the esters was strongly 


acidified with an absolute alcoholic solution of hydrochloric acid 
gas, and allowed to stand at 0° for about 4 weeks. There was 
no separation of glycine ester hydrochloride. The ether was 
distilled off, and the residue added to that obtained in a similar 
way from the chloroform distillate. The united residues wer 
boiled with water, hydrochloric acid was quantitatively removed, 
and the solution evaporated to dryness. ‘The residue, weighing 
4.25 gm., consisted of a mixture of alanine, valine, and leucine. 
This was added to the amino-acids of Fraction I of the distilled 


esters, 
The Barium Re sid 4€8 Ohtained atte a L he ratio of ti } ster's 


The barium residues were warmed with a slight excess of dilute 
sulfuric acid, and the rather large precipitate of barium sulfate 
was filtered off by suction and thoroughly washed. Hydrochloric 
acid was removed with silver sulfate, and the sulfuric acid with 
barium hydroxide. The solution was concentrated to about 60 
ec., from which on standing 0.47 gm. of tyrosine separated. 
The filtrate from the tyrosine on slow evaporation yielded 3.33 
gm. of serine, which separated in hard, lustrous rosettes of thick 
plates, or prisms. The serine, which had a somewhat sweetish 


taste, began to turn brown at about 210°, and at 235° (uncor- 
rected) decomposed with effervescence to a reddish liquid. It 


gave the following results on analysis: 


0.1731 gm. of substance gave 0.2169 gm. of carbon dioxide and 0.1013 


gm. of water. 


C3H70 

? rT Ce é 
C re . 84.29 34.17 
H er is ’ bee er 6 .67 6.50 


From the filtrate, 0.56 gm. more of serine was obtained. The 
final, thick, syrupy filtrate was treated with 8-naphthalenesul- 
fonyl chloride according to the method of Embdem and Tachau 
6), with the idea of isolating any serine that might still remain 
in the filtrate. There were obtained 1.44 gm. of a product which 
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separated from absolute alcohol in the form of hard, granular 
crystals. It melted to an oil at 148° (uncorrected), and gave the 
following results on analysis: 


0.1690 gm. of substance gave 0.3341 gm. of carbon dioxide and 0.0636 
gm. of water. 


Found 

per cent 

ee re ee eee ee een 53 .92 
TE cca gucseepanawonismey 1.18 


The product was readily soluble in absolute alcohol, from 
which it separated again only with difficulty. In boiling water 
it dissolved sparingly, and separated again on cooling, at first as 





rABLE II 
lremper- I'e mper- 
. bos o iture ot ature ol! hesineeion “ 
Fraction N the bath the vapors Pressu Weight. 

e up to silt a 
( 4 mm m 
| 100 55 21 3 
II 108 95 3 29 
Distillation residue 2] 
Contents of the liquid air tube ) 


a fine, oily suspension which gradually crystallized forming 
microscopic clusters of radiating long plates or prisms. The 
substance now sintered at about 150°, and melted indefinitely 
between 160-180°. The §8-naphthalenesulfone derivative of 
serine contains 52.88 per cent of carbon, and melts at 220° (6) 
while the corresponding derivative of glycine, which contains 
i 54.34 per cent of carbon, sinters, according to Fischer and Bergell 
uy 7), at 151° and melts at 156°. It will be seen that the com- 
position and melting point of the product obtained le between 
those given for the glycine and serine derivatives, indicating a 
mixture of the two, consisting chiefly of the former. 

The esters obtained after distilling off the ether were separated 
into fractions by fractional distillation under reduced pressure 
as given in Table II. 





Fraction I.—The esters of this fraction were hydrolyzed by 
boiling with water, and 





18.16 gm. of amino-acids obtained. To 
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these were added the amino-acids obtained from 


tar AD ] 


gm. of water. 


The less soluble portion of this fraction consist« 


leucine were obtained as the lead salt. 
0.3346 gm. of substance gave 0.2173 gm. of lead sulfate 

é 

, er ; 7" ana ee acl 14 


The filtrate from the lead salt of leucine yielde 
valine. Analysis showed it to have the following 





0.1743 gm. of substance gave 0.2572 gm. of carbon di 


of valine and leucine. They were separated by 
lead salt method of Levene and Van Slyke (8). 


per cent 


29 14.35 
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the ether and 


chloroform distillates from the esters. By direct fractional 
crystallization, 11.34 gm. of alanine were isolated. 


xide and 0.1207 


Calculated f 
C3sH7O2N I j 
er ent er 
C ‘eases : oe , 10.41 1) 24 
ae datbd a oe 7.92 7.40 


d of a mixture 


means of the 


5.23 gm. of 


Calculated for 
(CeHi2O02Ne2)2 Pb Found. 


‘ per cent 


1 6.45 gm. of 


composit ion: 


0.1504 gm. of substance gave 0.2841 gm. of carbon dioxide and 0.1258 


il 


gm. of water. 


Calculated for 
CsHnOw. I 
per cent per cent 
Reich wie ; ee 51.28 51.52 
Se oe Ree ee Kiieadua 9.47 9.31 


The residual filtrate from the alanine, which consisted of 


only about 1 gm. of a syrupy substance, yielded with picric acid 


0.32 gm. of a picrate which melted with decomposition at 200 
I 


The decomposition point of glycine picrate is gi 
and Van Slyke (9) as 202°. 


ven by Levene 


Fraction II.—The amino-acids obtained from the esters of this 


fraction, after hydrolysis by boiling with water, 


vielded by the 


usual methods 1.22 gm. of proline, 11.20 gm. of leucine, and 


3.40 gm. of valine. The leucine was isolated as the lead salt. 


0.3495 gm. of substance gave 0.2263 gm. of lead sulfate. 


Calculated for 





Ne): PI Four 


ent 


144.29 


44.22 
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Distillation Residue.—The distillation residue was shaken with 
a mixture of five volumes of water and an equal volume of ether. 
The ether extract yielded 3.80 gm. of phenylalanine. 


0.1577 gm. of substance gave 0.3765 gm. of carbon dioxide and 0.0947 
gm. of water. 
Calculated for 


CyHwOrN Found 
Gesu dadowe a 65 5 65.11 
. gc , 6.66 6.67 


The aqueous solution remaining after removing the phenyl- 
alanine ester with ether was boiled for 5 hours with an excess of 
barium hydroxide. After quantitative removal of the barium 
with sulfuric acid, the solution was boiled with copper carbonate, 
and 3.25 gm. of a bluish slate-colored copper salt were obtained. 
The copper was removed from the salt with hydrogen sulfide, 
and 1.69 gm. of a substance were obtained which contained 60.86 
per cent of carbon and 6.83 per cent of hydrogen. It crystallized 
partly in plates resembling phenylalanine, and gave a deep, cherry- 
red color with Millon’s reagent. The analysis and properties of 
this substance indicated that it was a mixture which, based on 
its carbon contents, consisted of 1.34 gm. of tyrosine and 0.35 gm, 
of phenylalanine. 

The filtrate from the above copper salt, after having been 
freed from copper, gave a syrup from which, on long standing, no 
crystalline product separated. It was boiled for 14 hours with 
25 per cent hydrochloric acid to regenerate any glutaminic acid 
which may have been converted during the preceding operations 
into pyrrolidone carboxylic acid. 1.51 gm. of glutaminic acid 
hydrochloride were obtained, which decomposed with efferves- 
cence at 197°. 

The filtrate from the glutaminic acid hydrochloride was sub- 
jected to the lime-aleohol method for isolating the di-basic acids, 
and the latter were examined for hydroxyglutaminic acid accord- 
ing to the method of Dakin (2). About 2 gm. of an unpromising 
looking silver salt were obtained. Its silver content did not 
agree with that of silver hydroxyglutaminate. In view of both 
its small amount and impure character its further examination 


was discontinued. 
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1). 





Tyrosine. An amount equivalent to 1 gm. of the ash- and 
moisture-free protein was hydrolyzed by boiling for 12 hours 
with 25 per cent hydrochloric acid, and the amount of tyrosine 
determined colorimetrically according to the method of Foli 
and Denis (10, 11). The tyrosine was found to comprise 3.1s 


per cent of the protein. 
SUMMARY. 


The globulin of the coconut has been hvdrolyzed ina 
resulting amino-acids have been determined (Table I 
By changing the order of procedure usually fol 
nection with protein hydrolysis, and by applying several ra 
recently described methods, 78.15 per cent of the hydrolysis pro 
ducts of the protein used has been identified and determined. 
lhe order of procedure followed in the isolation and determi- 
nation of the amino-acids was as follows: removal of the hexon 
bases with phosphotungstic acid; separation of most of the 
glutaminic acid as the hydrochloride; precipitation of the remain- 
ing di-basic amino-acids as their calcium salts; extraction of 
proline and peptide anhydrides with absolute alcohol; esterifica 
tion of the remaining amino-acids by means of the lead salt 
method of Foreman; fractional distillation of the esters unde: 
reduced pressure; and, finally, regeneration and isolation of the 


amino-acids in the usual manner. 


Acknowledgment is hereby made to Mr. C. E. I. Gersdorfi 
all the carbon and hydrogen determinations made in connect 


with this hydroly sis. 
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he mung bean, or green gram, is cultivated throughout the 
southern half of Asia, in the Malay Islands, and quite generally 
throughout the eastern portions of Africa. It is an Important 
crop in India. It has also been cultivated with some success in 
various places in the middle and southern United States. The 
earliest varieties mature in about 80 days. 

In India the seeds are used almost exclusively as human food, 
the straw being fed to cattle. In this country the plant has been 
grown both as a forage crop and as a green manure for wheat. 

The beans used in this investigation were furnished by the 
Bureau of Plant Industry and were of the common, olive-green 
variety, ovoid to globose in shape, and about ? inch in length. 
The variety described by Roxburgh was the less common yellow 
seeded sort, which accounts for the discrepancy between the botan- 
ical name and the color of the ordinary mung bean. 

The mung bean contains about 21.74 per cent of protein (N 

6.25). A series of experiments made with aqueous solutions 
of sodium chloride (Table I) indicated 5 per cent as the most 
effective concentration of this salt for the extraction. From the 
finely ground seed twenty volumes of 5 per cent sodium chloride 
solution dissolved about 19 per cent of protein, calculated on the 
dry weight of the meal used, or 87.5 per cent of the total protein. 

The coagulation points of the proteins in the 5 per cent sodium 
chloride extract and their precipitation limits with ammonium 
sulfate were next determined. A very low coagulation point 
about 40°C.), together with two others at higher temperatures, 
indicated an albumin and two globulin fractions. The experi- 
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ments with ammonium sulfate confirmed the indication of the 
( aegulation points regarding the elobulins. lwo principal Irac- 


tions were precipitated, the first at trom 0.15 to 0.20 of saturation 
i}, } nNreernit« ; } Tat, 5 
thi ( recipitant, the secone as, U.02. 
I 


n the basis of the information thus obtained the separation 


the three protein fractions was undertaken. The procedu 
i! ! LO! tion of} th ro MLNS WAS essential the ! } 
| ised is in isolating the globulins of the Georgia 
bear h . middle fraction, from the apparent upper limit o 
Tin ma preeipitat 0 th pal iower tim 
ond Vis 1 moved before the ls) ter Was precipi ited. ie I idd 
fraction was found to be a mixture of the two globulins hat 
two principal globulins may thus be obtained in a considerable 
degree of purity is demonstrated by the fact that, in the investiga- 
ion referred to, a globulin containing no detectable trace of 
tryptophan » WAS Sé parated from one which gave a strongh posi- 
tive test for this amino-acid 

The albumin of the mune bean was obtained bv coagulation. 
Its solutions were freed from soluble inorganic salts by dialvsis, 
whereby the globulins were precipitated. The filtered dialysis 


liquors vielded the albumin on very slightly acidifying and heat- 


ing for a long time at about 45°C 

The three types of protein preparations differ markedly in 
phvsic properties, mM elementary composition, and, in the case 
of the two globulins, in their content of the basie amino-acids. 
‘| he. ield of the albumin 0.05 per cent) was so small that a deter- 
mination of the basie amino-acids was impracticable 

The first globulin fraction, precipitated at 0.20 of saturation 
with ammonium sulfate, coagulated from its slightly acidified 
solutions at 95—-1L00°C., and contained about 1.5 per cent of sul 
It has been designated in this paper as the a-globulin. The sec- 
ond fraction, produced by raising the concentration of ammonium 
sulfate in the filtrate from the a-globulin to 0.60 of saturation, 
proved to be a mixture of the a- and 8-globulins. The third 
fraction, or 8-globulin, was precipitated by making the filtrate 
from the seeond fraction 0.65 saturated with the precipitant. 


It coagulated at GS-71"<... and contained about 0.4 per cent of 




















The method of 


1 
properties oO 


EXPERIMENTAL. 


) ? , 
/ ¢ niina 


Extraction Experiment The beans were ground in a power- 
driven pulverizing mill. Extraction experiments were mad 
upon the resulting fine meal with sodium chloride in various 
concentrations to ascertain the solvent best suited for the glo- 
bulins. Samples of 10 gm. each of the meal were added to 200 
gm. portions of the solvent and stirred until thorough mixture 
was obtained. The meal was left in contact with the solvent for 
3 hours, with frequent stirring in order to secure as complete an 
extraction as possible. The extracts were then filtered through 
small folded filters and duplicate 10 ce. aliquots from each filtrate 
analyzed for nitrogen’ (Table II). The maximum extraction 


Van Slyke, D. D.. J. Biol. Chem.. 1911-12. x. 15 
Acknowledgment is due te Mr. S. Phillips of this Laboratory for 
issistance 1n the determina ions f nitrogen made in the prepat 


this paper. 
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was obtained with 5 per cent salt solution; 19.00 per cent of 
protein (NX 6.25), calculated on the basis of the dry meal 
sample, was dissolved. ‘This solvent was selected, therefore, for 


the extraction of the globulin preparations. 


rABLE II 
Preliminary Extraction E 


( t Nal . 

0.1 2.12 13.25 
1.0 2.29 14.31 
3.0 2 58 16.13 
5.0 3.04 19.00 
7.0 2.93 18.31 
9.0 2.92 18.25 
11.0 2 86 17.88 

5 2.96 18.50 
5.5 2.94 18.38 


| 


* Calculated on the basis of the total dry meal used 


(‘oagulation Points of the Proteins n the Saline Extract. To 
determine the number of proteins present 1n the 5 per cent sodium 
chloride extract and to ascertain the method best adapted ror 
their separation, coagulation poll ts and precipitation limits with 
ammonium sulfate were determined. 

The apparatus used for the coagulation experiments consisted 
essentially of a thin walled test-tube, provided with a stirrer and 
thermometer, to contain the extract; the tube was suspended in 
a beaker which served as a water bath. A black background 
placed immediately behind the beaker made the slightest tur- 
bidity of the liquid in the tube clearly visible. 

With a steady rise of temperature in the tube of about 0.2°C 
per minute a cloud appeared at about 38°C. This increased 
gradually in density until the temperature reached 42.8°C., 
when a floeculent coagulum began to settle. After heating at 
this temperature for 3 hour the supernatant liquid was clear 
again. The very small precipitate was filtered out and the heat- 
ing resumed. A second precipitate, even smaller than the first, 


appeared at 52-56.6°C. This was removed as before and two 
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large coagula were obtained at 64-75°C. and at 91-100°C. Thre« 
distinct protein fractions were thus indicated, the first of which 
by reason of its small amount and very low coagulation point 
was undoubtedly albumin. The large quantity and higher coagula- 
tion points of the other two main fractions made it seem probable 
that they were globulins. 

Precipitation vith Ammonium Sulfate. \ sampl ot 100 ee. 
of the extract was made successively from 0.05 to 0.70 saturated 
with the precipitant. The dry, finely pulverized salt was used, 
each portion added being entirely dissolved and the solution 
allowed to stand for some minutes before more was added. The 
first precipitate was produced at 0.15 of saturation. On increas- 
ing the concentration of ammonium sulfate to 0.20 of saturation 
the precipitate was somewhat increased, became flocculent after 
a short time, and began to settle. It was allowed to stand for 
some hours, filtered, and the experiment continued with 50 ce. 
of the filtrate. At 0.25 of saturation no precipitate at all was 
produced. At 0.30 there was but a very slight turbidity. From 
this point on until 0.60 of saturation was reached each addition 
caused very little increase in the cloudiness. At 0.60 of satura- 
tion the still very small precipitate became flocculent and was 
filtered off. The filtrate, about 45 ec., was made up to 50 ec. with 
0.60 saturated ammonium sulfate solution and another 0.05 of 
saturation of the solid salt added. A very heavy precipitate was 
immediately formed which was not noticeably increased by bring- 
ing the concentration of the precipitant up to 0.70 of saturation. 
When the filtrate from this fraction was saturated with ammonium 
sulfate only a barely visible opalescence resulted. ‘The precipi- 
tation experiments, therefore, showed the presence of two glo- 
bulins, confirming the evidence of the coagulation experiments in 
this regard. 

On the basis of the information thus secured the isolation of the 
proteins was undertaken; and a number of preparations were 
made. The uniformity of composition of the preparations of 
each type, together with the marked difference of these types 
from each other, furnished ample proof of their separate identity. 
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Mung Bean Proteins 
The a and B-Globulins. 


rom 2 to 4 kilos of the bean meal were mixed with 5 liters 
per kilo of a 5 per cent aqueous solution of pure sodium chloride. 


The mixtures were kept in a state of vigorous agitation for 2 


hours by means of a mechanical stirrer after which they were 
allowed to stand for from 15 to 20 hours in a cold storage chamber 
at a temperature of about 2°C. Enough filter paper serap was 
then added to produce a mass of a consistency suitable for press- 
ing. ‘This pulp was placed in muslin bags and the extract ex- 
pressed in a powerful press. The liquid, which contained much 
starch and other suspended matter, was filtered through thick 
mats of filter paper pulp on large Buchner funnels. The filters 
were washed with 5 per cent salt solution and the washings added 
to the filtrate. 

Preparation of the a-Globulin.—Though the upper limit indi- 
cated for this fraction in the preliminary experiments was 0.20, 
a concentration a little higher than that necessary to precipitate 
the fraction resulted in a more rapid settling and easier filtration: 


0.25 of saturation was used. No precipitation occurred at this 
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tegrated filters was collected on a circle of filter cloth on 
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The coagulation ranges of the isolated globulins were approx- 
imately the same as those found in the preliminary examination 
of the mixed extract, but were considerably narrower. The 
a-globulin coagulated between 95—-100°C., the 6-globulin between 


68-71°C. The determinations were made on small portions O 


the dialysis precipitates dissolved in.5 per cent sodium chloride 
solution and acidified with a few drops of 1 per cent acetic acid. 
The results obtained with all our preparations of the globulins 
agree closely with the above average hgures. 

Microscopic examination failed to reveal any evidenc 
crystalline form in either of the globulins. The a-globulin was 
precipitated by dialysis in particles so fine as to be hardly di 
tinguishable under a magnification of 500 diameters, while und 
the same power of the microscope the $-globulin presented th 
appearance of coarse, vitreous spheroids. 

The finished preparations are fine, dusty powders, the a- 
globulin a very pale gray, the 6-globulin cream-white in color. 
They absorbed 5 to 7 per cent of moisture when exposed to the 
air in thin layers. After drying, both globulins were insoluble in 
neutral solvents, but were soluble in 0.1 N alkali. 

(Qualitative Examination.—The ordinary protein reactions were 
given by both the globulins. The color reaction of tryptophane 
(Hopkins and Cole) was weak though indoubtedly positive with 


the a-globulin preparations; the 6-globulin gave a much deeper 


color in this test. Millon’s reagent vielded with both globulins 
a strongly positive test lor tyrosine. Molisch’s test indicated but 


traces of carbohydrate in the 6-globulin, and in the a-globulin 
none at all could be detected. 

ele hie nlary ( OM POS fron, The hygroscopic property oO! dried 
protein preparations makes impracticable the accurate weighing 
of samples dried at 110°C. All the preparations were therefore 
brought to equilibrium with the moisture of the air before analy sis 
was attempted, the moisture content (loss at 110°C.) was deter- 
mined, and the analyses were calculated on the moisture- and 
ash-free basis. In order to avoid contamination with dust 
during exposure, and to bring about maximum absorption as 
rapidly as possible, the preparations were spread in thin layers 
in shallow dishes and placed in a large desiccator provided with 


tubulatures both in the side and eover. A bulb tube filled with 
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absorbent cotton was attached to the upper tubulature to filter 
the dust from the entering air, and a slow current was drawn 
through the apparatus by connecting a weak suction to the side 
tubulature. Under these conditions the moisture content became 
very nearly constant in about 48 hours. The globulins were 
then analyzed with the results shown in Tables III and LV. 

The Basic Amino-Acids and Nitrogen Distribution.—Samples 
of approximately 3 gm. of the globulins were hydrolyzed by 
boiling 24 hours with 100 ec. of 20 per cent hydrochloric acid. 
The hydrolysates were analyzed by Van Slyke’s? method, using 
amyl aleohol and ether* in the decomposition of the phospho- 
tungstates of the basic amino-acids The figures obtained by 
this method for cystine are without doubt low, since the condi- 
tions of the hydrolysis are such that a notable portion of this 
amino-acid must be destroyed. In the case of the 8-globulin, 
in which no cystine at all could be found in three analyses, another 
factor enters; namely, the solubility of evstine phosphotungstate. 
This was found by Van Slvke to be equivalent to 0.0026 gm. of 
cystine nitrogen, 0.0222 gm. of eystine, under the prescribed 
conditions of the analysis. It would be possible in this case, 
therefore, for about 0.78 per cent, of cystine to have escaped 
detection even if none was decomposed during the hydrolysis 
The figures obtained are given in Tables V, VI, VII, and VIII. 

With the exception of the extremely small proportion of cystine 
the nitrogen distribution of the 8-globulin of the mung. bean is 
very similar to that of other bean globulins so far examined. 
The a-globulin shows some differences, however. The arginine 
nitrogen is decidedly low, while the lysine nitrogen is not so high 
as in most of the bean globulins analyzed. 





‘Van Slvke, D. D., J. Biol. Chem., 1915, xxi, 281. 
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316 Mung Bean Proteins 


istics serve to define the material as albumin. ‘The dried sub- 
stance is in all respects similar to the globulin preparations. 

Elementary Composition.-The analysis was carried out in 
exactly the same way as were those of the globulins. The result 
is summarized in Table IX. 


TABI IN 
11h ’ 
" | 
I II \ 
Carbon 54.32 4. 3t 
Hydrogen 6.95 6.95 
Nitrogen 14.83 1 6S 14.76 
g 
Sulfur 1.10 1.10 
Oxygen ce. 22.84 
Ash 1.20 
7 \{nalysis calculated on the ash- and moisture-free basis 


t By difference. 


Qualitative Examination—The aibumin shows all the usual 
protein reactions; Hopkins and Cole’s test for tryptophane gives 
an unusually strong color, while the tyrosine reaction of Millon 
is slow to develop and the color deepens only slightly during long 
standing. 


a SUMMARY. 


The mung bean contains about 21.74 per cent of protein (N 
25). Experiments with aqueous sodium chloride in various 
concentrations indieated a 5 per cent solution as the most effer- 
tive extractant; it dissolved 19.0 per cent of protein from the 
finely ground seed. 

The 5 per cent sodium chloride extract yielded two globulins, 
designated the a- and #-globulins, by fractional precipitation 
with ammonium sulfate and subsequent purification of the frac- 
tions as described in the foregoing pages. The vields were 0.35 
and 5.75 per cent, respectively, computed on the basis of the dry 
material extracted. Traces of albumin, also, were obtained from 
extracts from which all the globulin had been precipitated by 
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prolonged and repeated dialysis. The albumin remained in solu- 


tion during the dialysis and was separated by slightly acidifying 
and coagulating at 45°C. The yield of the albumin was fron 
0.02 to 0.05 per cent of the weight of the bean meal 
\nalyses showed marked differences in the nitroge1 and st 
fur—content of the three proteins. The globulins were sul- 
further distinguished from each other by marked differences in 
their percentages of the basic amino-acids, determined by Van 
Slvke’s method. The 8-globulin contained so little cystine that 
that remaining undecomposed after hydrolysis escaped precipi- 
by phosphotungstie acid and could not be 


vke’s method 
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four times with boiling, redistilled alcohol, and twice with redis- 
tilled ether. These extracts were united and evaporated to dry- 
ness, but the amount of lipin material obtained was negligible 
and was not analyzed. In the sperm, at least, the lipins are 
almost entirely in the eytoplasm, and no nucleus bas yet been 
shown to contain much fatty material. 

It is this composition of the nucleus which in part accounts 
for the fact that the microscopic appearance of the nuclei remains 
unchanged through the course of this preparation, but the possi- 
bility of the loss of material from the nuclei is by no means 
excluded. 

The vield of dried heads was about 100 gm. 

Physical Properties. 

The heads of these spermatozoa are very heavy and are readily 
thrown down by centrifuging. This high specific gravity is due 
to the large content of nucleic acid, which contains much phos- 
phorus, and to the unusually small amount of water which they 
hold. The water content of some centrifuged heads, from which 
as much as possible of the adhering water had been removed with 
filter paper, was found to be 48.7 per cent. As would be expected 
from such concentrated nuclei, a high index of refraction is 
observed. 

The heads appear to be little affected by a great many strong 
chemical reagents. ‘They are insoluble in water, ammonia, and 
solutions of ordinary salts, and are only partially attacked by 
dilute sulfuric, nitric, hydrochloric, and acetic acids. Dilute 
sodium and potassium hydroxide dissolve them slowly. Of 
special interest is the ease with which they are attacked by 
dilute phosphoric acid and acid phosphate solutions. With 
these comparatively weak reagents, they swell up, become sticky, 
agelutinate, and may dissolve. Thus their solution is effected 
not so readily by a strong reagent as by an adequate one. The 
ease with which they swell after entering the egg cytoplasm is 
well known. In general it was noted that substances which had 
a solvent action upon these dead sperm heads would also agglu- 


tinate a suspension of them. 
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The neutral salt of protamine and nucleic acid exhibits similar 


properties. but Steudel' found evidence of a smaller molecular 
agegregatior in the salt of clupeine and nuclei acid than that 


present in the sperm head. He found that a solution of th 


rtificial salt of protamine nucleate had a lower Viscosit) 
he San ‘moncentratilol Ol the dissolved sperm heads and Nhe 
suggested to account for this that the nucleic acid in the spert 
tie id wis polymerized. some support to! this view 18 £lve! late! 
he paper where it is shown that Ll molecule of protamine 1 


the sperm head has united with it 4 mole ule s of nucleic “eld, 


Ihe roHow lng leterminations ot carbon ind hvdrog 
leohol-ether-extraeted sperm heads were made by Liebig 


ombustions. 


S478 Q 5378 0.1467 ? 16 
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( 4 0 S671 QO 2865 1] 94 
y $12.02 
jm 
478 Q.1S13 0.0201 5.79 
2450 0.1309 0.0145 5.9] 
42 0). 284] 0.0316 5.60 
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0. 4943 0. 1064 


0.3679 0.0784 21.31 


The phosphorus determinations were made by wet 
in the Neumann nethod and weighed as magnesium 
phosphat. 
~ M oo Pot 
0.4105 0.0927 0.0258 6 
0.5485 0.1239 0 O3845 6 


Che results are given in Table I, and beneath are given 

4 ] +} acl 7 
qaata trom anatyses of other nuctel for Comparison. 
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The ash determination is of little significance. It consists very 
largely of phosphoric acid, and comparison With the phosphorus 
percentage shows that some of the phosphoric acid has been lost 
presumably by reduction of the phosphorus. It was not possible 
to free the ash of carbon entirely. The only base determined In 
the ash was calcium. 
rABLE I 
1 f N 
{ i I 
Whit S 1? 165.79 21.52.6.28 G§.18 0.097 
Sper ead 411.97.5.91.21.316.2 7.4 
11.945 60 
| 
Average 12 .02)5.77/21 .42.6.29 10.65 10.77 5.790.097 70.25 
104 rf 
1 
Herring* sper 11.205.75 21.06 6.07 9.28:11.78 { 
».470 
l 
0.78 6.4 pei l10.87) 9.91 
( lupe ne 
nucleate 3.21] 
Nuelei of - _ oa I 
17.209 95 iaiats 6.65 9.55 
corpuscele 1 376 
. - I 
Nucleohistone 13.69 5.60 16.375 23). : 8.85 8.02 
3.226 


* Mathews, A., Z. physiol. Chem., 1897, xxiii, 399. 

t Steudel.! 

t From blood corpuscles of birds, Ackermann, D., Z. physiol. Chem., 
1904-05, xliii, 299. 


The absence of iron is of special interest. No iron could be 
detected with potassium thiocyanate in the ash obtained either 
by the Neumann method or in the electric muffle. No organic 
compounds of iron were present in this extracted nucleus. More- 
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over, the common text-book statement that nucleoprotein always 
contains iron is erroneous. It may be doubted if pure nueleo- 
protein ever contains iron. The sperm heads contained no 
potassium and only 0.097 per cent of caleium. ‘The presence of 
calcium in small amounts has been observed also in the other 
sperm heads examined, so that it seems to be generally present. 
This amount, however, would correspond to less than | atom of 
Ca to 5 molecules of protamine nucleate. 

The attempt was now made to isolate the nucleic acid and 
protamine and to determine the actual amounts of these present 

a in the sperm heads. 

In the computations which follow the formula for nucleic acid 
of Steudel, namely CyHs;NisPyOx0, has been the one used, and 
for protamine, namely the coregonine, the formula CoH ysyN5 Oo. 
Kossel and Dakin? suggested for salmine the formula Cos HygN 5yOe. 
Taylor’ suggested for salmine, CogHyyNsQOw. The formula which 
has been adopted above is on the hypothesis that 1 molecule of 
coregonine yields 12 molecules of arginine, 3 serine, 1 valine, and 
2 proline groups, and that 1 molecule of water is eliminated 
between each two amino-acids. Then the formula should not 
be that of Taylor but the one given. This would be formed by 


the following reactions: 


12 arginine (CsH,4N,O,) + 3 serine (C;H;NO;) + 1 valine (C;H,,;NO 
2 proline (C;HgNO 1 salmine (CosHisyN54O0 t+ 17 HO 


This would contain 30.90 per cent N; and, if each of the arginine 
groups combined with 1 molecule of sulfuric acid, the sulfate 
CogHisgN 54022 . 12 HeSQ, should contain 20.88 per cent N. I 
actually found 21.06 per cent. This formula requires for arginine 





nitrogen 88.9 per cent and for monoamino nitrogen 11.1 per cent; 
whereas Kossel found in this protamine 87.3 and 9.4 per cent 
respectively. Coregonine is_evidently very closely allied to, if 
not identical with, salmine. From the Chinook salmon, he eb- 
tained 86.2 and 9.4 per cent respectively, and in the Rhine’ sal- 
mon 87.8 arginine N and 9.2 per cent of monoamino-acid N. 
From salveline, the protamine of the closely allied form of lake 
trout, he got fram the alpha-salveline, 88.9 per cent basic N, 
~and 7.1 per cent monoamino-acid N 


2 Kossel, A., and Dakin, H. D., Z. physiol. Ghem., 1904, xli, 414. 
Taylor, A. E., J. Biol. Chem., 1908-09, v, 394 
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Furthermore since the sulfate of coregonine shows | molecul 
of sulfuric acid combined with each arginine group, making tw« 
acid equivalents to each such group, or 24 acid equivalents in al 
the formula adopted for the coregonine nucleate of the spern 
head is CogHissNssOve (CasHs7NisPsOs0)4 — 24HeO, or CopsHygoN sO: 
(CyHs1NisPs0o4)4. 100 gm. of sperm heads should vield aecord- 
ing to this formula 32.33 gm. of protamine and 73.28 gm. of nu- 
cleic acid. 

An attempt was made to separate the protamine and nucle 


acid and determine them. 


The usual method of isolating the nucleic acid fron tissue is 


by treatment with sodium hydroxide, precipitating the sodium 
nue'eate with alcohol, and reprecipitating it in acid aleohol 
as the free acid.. In the hands of Steudel* this method has 
yielded as much as 91 per cent of the theoretical amount of 
nucleic acid calculated from the phosphorus content of the her- 
ring sperm. Of the total phosphorus content as much as 95 per 
cent was actually isolated in the form of nucleic acid, and there is 
reason to believe that the rest was in this same combination. 

Professor Mathews suggested that the nucleie acid might bi 
completely removed from a solution of the sperm heads Dy pre- 
cipitation with lead. Since the heads are dissolved in sodium 
hydroxide, a freshly prepared solution of basic lead acetate 
(specific gravity 1.25) was employed, Protamine is not pre- 
cipitated by basic lead acetate. 

In order to test the completeness of the separation, a solution 
of sodium nucleate was precipitated with basic lead.acetate, and 
it was shown by examination of the filtrate that. all the phos- 
phorus had been removed. The lead salt was converted into thi 
sodium salt with a final loss of less than 2 per cent. 

A sample of the sperm heads weighing 23.33 gm. was shaken 
for several hours with 1,400 ec. of 1.5 per cent NaOH, and a few 
resistant particles were dissolved separately with a stronger 
solution. The nucleic acid was precipitated with an excess of 
the freshly prepared basic lead acetate, and the precipitate, con- 


‘Steudel, H Z. phy ol. Cher 1941, Ixxiii, 471 
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taining lead nucleate and impurities, was washed until prac- 
tically free from protamine, as shown by the biuret reaction, and 
then dried and weighed. 

23.33 gm. of sperm heads vielded 59.885 gm. of lead precipi- 
tate. There was a small loss of material in the foregoing anal- 
VsIS so that this figure is not so accurate as it should have been. 
This precipitate was found to contain 4.56 per cent of N and 
2.46 per cent of P. These low figures show that the precipitate 
contained a large amount of lead oxide and must have been the 
basic salt. The precipitate gave a very faint biuret reaction, 
showing that it was not entirely free from protamine. The 
ratio of PrP: in the forevoing is Beh se whereas nucleie acid 
requires 1:11.66. This slight excess of N is due probably to the 
protamine impurity. 

lf 


the 59.885 gm. of precipitate must contain 16.39 gm. of nucleie 


all the P in the precipitate is nucleic acid, we calculate that 


t 


acid, and as this amount was obtained from 23.33 gm. of sperm 
100 gm. of sperm would vield 70.25 em. of nucleie acid, in place 
of the 73.28 gm. required. If the nucleic acid is caleulated from 
the nitrogen content, since nucleic acid contains 15.14 per cent of 
N, this would be 17.65 gem. of nucleic acid from 23.33 em. of 
3.92 gm. of nucleic acid from 100 gm. of sperm, in 
7: 


3.28 gm. required. The agreement is therefore 


sperm or 
place of the 
very good; a mean of 72.08 gm. being obtained in place of 73.28 
gm. calculated. 

That the precipitate is nucleic acid is shown also by the close 
agreement of the ratio of P: N in the precipitate after an attempt 
to convert it to the sodium salt. 3.2096 gm. were dissolved in 
sodium hydroxide, partially freed from lead by passing in H.S 
for 15 minutes, neutralized with acetic acid, concentrated, and 
precipitated with aleohol. The precipitate weighed dry 1.1483 
gm. Analysis showed that it was chiefly the neutral lead salt 
containing 8.69 per cent of N and 5.23 per cent of P. The ratio 


of P: N is, however, 1:1.66, whereas nucleic acid requires 1:1.69. 


Protamine. 


Some insight into the nature of the protein constituent of this 
nucleus may be had from the results of the protein reactions 


upon the extracted sperm heads: 
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1. Biuret. On solution in NaOH. Positive 
2. Millon. Heated. Also let stand 20 davs. Negat 
3. Xanthoproteic reaction. Positi 
1. Reduced sulfur. Negative. 
5. Tryptophane reactions Adamki x nd 
Liebermann. Negative. 
6. Ehrlich’s diazobenzenesulfuric acid, on solid. P. 
The absence of tyrosine, cystine, and 1 ptopl 


accord with the view that the only protein present 


The positive xanthoproteic reaction is attributed to 1 nuele 
acid 

\ quantitative estimation of the protamine was n 
ways: (1) by determining the nitrogen in the filtrate left aft 
precipitation of the nucleic acid with lead; (2) by extracting 


the protamine from a sample of sperm with dilute sulfuric acid. 

The filtrate left after precipitation of the nucleic acid with basic 
lead acetate appears to contain no other protein than protamine 
It gives the characteristic strong biuret reaction and gives a 
precipitate with nucleic acid and alkaloidal reagents, but other 
protein reactions are negative and phosphorus is absent. A 
rough estimation of the protamine may therefore be made by 


determining the nitrogen in this solution, assuming that core- 


gonine, like salmine, contains 30.93 per cent of nitrogen. 


Total N of filtrate 2 9627 


Protamine, calculated 7.015 


100 gm. of sperm heads would therefore have yielded 31.36 
gm. of protamine. This Is nearly that calculated from the above 
formula of 32.33 gm. In view of the fact that a small amount 
of protamine was still in the lead nucleinate precipitate, this 
must be considered as a fair agreement. 

f the protamine Is probably 


presented by the sulfuric acid extraction. 9.2805 gm. of dried 


A more accurate determination « 


extracted sperm heads were extracted in a mortar with three 
successive portions of 10 per cent H»SO; and the protamine 
sulfate was precipitated in five volumes of 95 per cent alcohol, 
allowing the precipitate to stand in the alcohol over night. The 
white precipitate was washed in 95 per cent alcohol and absolute 
alcohol and dried in a vacuum desiccator. The yield of prota- 
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mine sulfate from one-half the sulfuric acid extraction fluid was 
2.0851 gm., which on resolution in water and reprecipitation 
yielded 1.9820 gm. A nitrogen determination on this precipitate 
showed 21.06 per cent of N. 0.5351 gm. of protamine sulfate gave 
0.1127 gm. N 21.06 per cent. Required for CogHysyN s,Q. 
12H.SO, is 20.88 per cent. 

Thus 9.2805 gm. of sperm heads yielded 3.9640 gm. of prota- 
mine sulfate after reprecipitation, or 4.17 gm., as first precipi- 
tated. The latter figure would give 2.816 gm. of protamine. 
100 gm. of sperm would at this rate have yielded 30.33 gm. of 
protamine, whereas the formula requires 32.33 gm. 

Summarized we have then the following as the composition of 


the sperm chromatin 


( ) N | 
Required r CHiN nO 
CiasHs1N1:,P,0 12 54) 4.82)24.97/21.11) 6.56/73 .28|32.33 
Found 12.04) 5.77'24.49)21.41!) 6.29:72.08/30.84 
The agreement between these figures is so good as to leave 
little doubt that the head of the sperm of the whitefish is essen- 
tially a chemical con pound consisting of the union of nucleic 
acid and protamine in the proportion of 4 molecules to 1. The 
union is probably not of the nature of an ammonium salt, but 
orm ith th elimination of water as 1 n acid amide 
CONCLUSIONS 
1. The dried extracted sperm heads o hitefish con 
bout 70 per cent 1 eC] cid and 30 per cent protami 
eonin 
2. All the phosphorus, 6 per cent, is combined nuclei d 
3. This extracted nucleus does not contain iron. 


1. The protamine is in loose combination with nucleic acid, 


, , | ‘* ] 1 
and the nucleus is of the ‘dissociated lLossel) type. ‘The 


union is probably of the amide, rather than the ammonia, type. 
5. The analyses agree with the formula CorHiegoN i). C; H i- 


} . 1 ] * { | f 
N.-P.O ind this is the probable formula t] 
. ? i 


} ; 
Ol this chromatin 
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(C'eelenter a. 


‘Two types of Medusz and the sand anemone were examined 
he results recorded for these specimens can only be taken as 
approximate since the methods here adopted were of a special 
character. 

Medusa. Several specimens were caught in a dip net, trans 
ferred to a glass container filled with fresh sea water, and carried 
at once to the laboratory. They were first drained free of sea 
water by suspending over a wide funnel by means of a double 
fold of cheese-cloth. They were then gently macerated and 
passed through the cheese-cloth. The jelly-like mass was col- 
lected in a clean, dry test-tube. This was shaken vigorously for 
3 minutes, air being admitted on several occasions. 1 ec. of the 
fluid was then transferred to the Van Slyke-Cullen apparatus and 
the analysis made in the usual manner. The evolved carbon 
dioxide was absorbed by the use of 10 per cent sodium hydroxide. 
The volume of gas was reduced to cubic centimeters of carbon 
dioxide at 0°C. and 760 mm. pressure held by 100 ec. of fluid. 

Owing to the difficulties in the way of collecting blood or 





celomic fluid from marine forms without loss of carbon dioxide it 
was thought best to examine all specimens under uniform con- 
ditions. ‘The various samples were therefore shaken for 3 min- 
utes in the test-tube or 25 ec. Luer syringe with atmospheric 
air which was renewed on several occasions. The samples thus 
equilibrated with atmospheric air were submitted at once to 
analysis. In many instances concurrent samples were also 
equilibrated with alveolar air of the normal human subject after 
the manner suggested by Van Slyke and Cullen (2). Such 
specimens were then transferred by means of an Ostwald pipette 
to the apparatus for analysis without appreciable loss of carbon 
dioxide. 

Sea Anemones.—The specimen was dug from a sand flat at 
low water and carried to the laboratory in a container filled with 
fresh sea water. The animal was then allowed to contract in a 
dry open vessel. A slit was next made in the side by means of a 
sharp scalpel and the cavity drained free of the fluid. The soft 
parts were macerated in a mortar and finally suspended in an 
equal volume of fresh distilled water. 2 cc. of the suspension 
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pericardial CAVITY. The needle was introduced into the sinus 
through the soft tissue in the mid-line dorsal to the latter. 


Crastropoda 


Four d 


j 


\ 


ies were obtained for study. 


lomic fluid was obtained from the pericardial sinus of the two 


shell forms Polyniee Lunatia and 7) 


aiter a sm ll opening had been drilled in the shell adjacent to the 
sinus. The fluid exuded from the foot of Po ( was 
also analvzed. \ direct puncture 1n the dorsal regior allowed the 
aspiration of body fluid from th nudibr inch A 

Lin pl eurda, Che large form ( UDpt Oe hitor Was tl only 
rept ntat of this class examined. Iluid was obtained om 
the pericardial cavity by aspirating through a needle introduce 
1! » the ter betwee hn itiwo ad jac nt valve 

( 0 ate 


The lamprey Entosphenu tridentatu: Was obtained while 


Blood Was obtained by 
the dorsal aorta posterior to the last gill slit. 
oxalated as collected. 


ascending a creek tO spawn. severing 


The blood Was 


Pisce 
Sces 


Blood was collected from various specimens by severing the 
caudal vessels, It was oxalated as obtained and examined at 


once. 


Two garter snakes were caught while feeding at the 
edge. They were bled from the caudal artery. The 
this blood wa 


water’s 
an ilvsis of 


s made for comparative purposes only. 
RESULTS AND DISCUSSION, 


The results of the analyses of the various samples are shown 


in Table I. 


\s might be anticipated the earbon dioxide content of the 


blood or celomie fluid of marine forms is relatively very low as 
compared with the blood of mammals. 


The carbon dioxide con- 
tent of sea water in the region from which the specimens were 
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effect is due in the main to dissolved magnesium bicat nd 
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of the alkalinity of the water from day to day is of interest It 
is probably associated, as Moore, Prideaux, and Herdn 5 
have pointed out, with the varying intensity of photosynthesis 
by microscopic organisms. Surface and depth tows mad dail 
during the summer months by Mounce! showed gr 
tion in the relative amounts, and in the distribution of diator 
The falling off of the degree of alkalinity of sea wate! ith ine? s- 
ing depth is suggestive in this connection. So6rensen (3) found 
that deep sea water was less alkaline than that the surface 
The total carbon dioxide content of surface samples of sea water 
obtained in Departure Bay during the summer of 1920 was 
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rABLE 1l—Concluded 


remper-| Density Alkalin Reactiv- 


Yate Source of sample ~ 
Dat se ature at 15°C ity ity 
120 ( 0.01 N 0.01 N 
VaOH HeSO4 
July 5 | At 50 fathoms off Five 7.92 | 1.0267 0.1 21.0 


lingers. 
5 At 100 fathoms off Five 8 O1 1 0267 0.1 21.0 
Fingers 


12 | At 1 fathom off Departure | 14.3 1 0214 2.0 18.5 
Bay. 

a * 12 At 2 fathoms off Departure 1.0217 ie: IS 6 
Bay 

12, At 3 fathoms off Departur L 0220 1 4 I8.5 
Bay 

12 At 5 fathoms off Departur 1 0222 1.0 IS 6 
say 

12 | At 10 fathoms off Departure 1.0233 0.3 21.8 
Bay. 

12 At 20 fathoms off Departure 1.0255 1.4 24.0 
Bay. 


celomic fluid of the various marine forms investigated is invari- 
ably greater than the maximum value for total carbon dioxide in 
sea water. The amount of combined carbon dioxide in the body 
tissues of Medusze and sea anemones, the celomic fluid of brach- 
iopods, starfish, certain sea urchins, and a number of mollusks 
and the blood of the dogfish and the ratfish is relatively low, but 





in all instances is higher than that in sea water. Certain types 
of Crustacea have a relatively high carbon dioxide content, such 
forms as Cancer mag ‘ster, Cancer productus, Echidnoce rus for matus 
and Hemigrapsus nudus being included in this group. The kelp 
crab Epialtus productus, the sand shrimp Ul pogebia pugettens 
and the eagle barnacle Balanus aquilla are on the contrary com- 
paratively low in the fixed carbon dioxide in the celomic fluid 
but they are in this respect somewhat analogous with the teleosts 
examined, 

A somewhat similar phenomenon exists in the case of the 
Mollusea. While the majority of the forms studied have a 
carbon dioxide factor falling within the range between 6.3 and 
11 volumes per cent certain species such as Paphia staminea, 
and Penitella penita of the pelecypod type and Polynices lewisia 
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and Thais lamellosa of the gastropod class have a fixed carbon 
dioxide content which in nearly all instances is considerably 
higher than that observed in the former group. 

As pointed out earlier in the paper it is essential that the blood 
be obtained while the animal is perfectly fresh. For instance it 
was noted that specimens of Mya arenaria bled immediately 
after they had been dug gave a fixed carbon dioxide factor of 6.5 
volumes per cent while other specimens carried to the laboratory 
in fresh sea water gave a factor of 8.3 volumes per cent for com- 
bined carbon dioxide. The fixed carbon dioxide of the mollusk 
tends to rise rapidly when the animal is not kept in a large vol- 
ume of fresh water while the opposite effect was noted in the case 
of the fish examined. Exposure to air causes the carbon dioxide 
content to fall while in the dead fish the latter may be near to 
that of sea water. If a fish is allowed to remain hooked but left 
in the open water for some little time the carbon dioxide content 
of the blood falls. The fish are in their reaction to injury much 
like the mammals as far as the alkali reserve of the blood is 
concerned, 

The relatively low figure for carbon dioxide in the blood of the 
elasmobranch Squalus sucklii and the holocephalan Hydrolagus 
colliei stands in sharp contrast with that for the teleostian types 
studied. 


As the hydrogen ion concentration of sea water is in most 





instances lower than that obtaining in the blood of marine forms 
and as the bicarbonate content of the latter is much higher than 
that of the former it is evident that the amount of the dissolved 
carbon dioxide in the blood or body fluids of marine forms must 
be considerably greater than that occurring in sea water. The 
tension of carbon dioxide in the blood of marine forms must 
also be proportionately higher than that in sea water. This 
brings up an interesting point. Does a process of simple diffusion 
furnish an adequate explanation of the mode of elimination of 
carbon dioxide from the blood or body fluids of marine forms 
to the surrounding sea water? The maintenance of a definite 
acid-base balance in the blood and tissues of marine forms is no 
doubt quite as prime an essential as in the case of higher forms. 
In the mammal this is largely effected by the concerted action of 
the respiratory and renal apparatus. The gaseous exchange 
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between the blood and the atmosphere takes place almost entirely 
in the alveolar sacks where the tensions of the gases concerned 
are such that a process of physical diffusions seems to furnish a 


of the carbon dioxide outward (6). In the ease of the fish con- 


sufficient explanation for the passage of the oxygen inward an 


i 


ditions are somewhat different. While the respiratory and renal 
apparatus here as in mammals is apparently closely associated 
with the regulation of the reaction of the blood yet the inter- 
change of gases between the blood and sea water taking place as 
it does largely through the medium of the gill filaments is on a 
somewhat different basis from the exchange in the mammal at 
the lung surface. The tension of dissolved gases in sea water to 
which the gill filaments are exposed cannot differ greatly from 
the tensions obtaining in the enveloping medium, unless it is 
possible that the respiratory movements sre so adjusted that thi 
tension cf gases in the water of the gill cavities is kept in equi- 


librium with the tension of gases in the blood. in which case a 


process of physical diffusion wouid be a sufficient explanation of 
the mode of gaseous exchange in the fish. That this latter condi- 
tion should hold seems plausible. It may also be possible that the 
permeability of the gill membranes to carbon dioxide is such as to 
allow a steep pressure gradient to exist between the dissolved 
carbon dioxide in the blood on the one side, and in the sea water 
on the other. Further experiment only can furnish a full expla- 
nation of this phenomenon. 

In the case of arthropod types, such as Cancer magister, Echid- 
nocerus formatus, and others, the combined carbon dioxide is at a 


much higher concentration than it is in any of the Pisces exam- 
ined. A relatively greater difference must therefore exist be- 
tween the tension of carbon dioxide in the blood of these forms 
and sea water than in the case of the Teleostei. If one is to 
explain the mode of carbon dioxide excretion in these forms by a 
process of physical diffusion one must assume that the perme- 
ability of the gill filaments to carbon dioxide is of a very low order 
allowing a very steep pressure gradient to be maintained between 
the two sides of the medium for gaseous exchange. Certain of 
the Mollusea have a relatively high concentration of bicarbonate 
in the body fluids but it may possibly be due to the anatomical 


features occurring here for the carbon dioxide in the sea wat 
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which is bathing the organisms to exist at a higher tension than 
in the open sea. 

Such a difference does not exist between the bicarbonate con- 
tent of the body fluids and tissues of Echinodermata, Brachi- 
poda, and Ccelenterata, and that of sea water as has been noted 
in the forms above mentioned. The existence, however, of a 
definite pressure gradient for earbon dioxide between the tissue 
and the sea water suggests that a definite mechanism exists for 


regulating the tension of this gas in the body fluids and tissues 
SUMMARY. 


1. The carbon dioxide content of the blood and the celomie 
fluids of various marine forms has been determined 

2. The earbon dioxide content of the blood and celomiec fluid 
of marine forms examined equilibrated with atmospheric air is in 
all instances higher than the carbon dioxide content of sea water. 

3. The carbon dioxide content of certain of the Arthropoda 
and Mollusea is relatively very high. 

t. The carbon dioxide content of the blood of marine Teleostei 
is approximately 10 volumes per cent. 

5. The carbon dioxide content of the elasmobranch SQuatu 
sucklii and the holocephalan Hydrolaqus collie is re lative lv very 


low. 


6. The alkalinity and the reactivity of several samples of sea 
water have been determined. 

7. Surface samples of sea water in the vicinity of Departure 
Bay are invariably alkaline to phenolphthalein. 

8. It is held that in order to maintain the constant reaction of 
the blood or body fluids of marine forms the carbon dioxide 
tension must be considerably higher in the blood and body fluids 
than it is in sea water. 

9. The question of carbon dioxide excretion is discussed. 


In conclusion I desire to express my thanks to the Curator of 
the Biological Station at Departure Bay, Dr. C. MacLean Fraser, 
for his kind assistance in making the collection of material pos- 
sible, and for aid in the identification of specimens. My thanks 
are also due to the Biological Board of Canada for defraying the 
expenses in connection with this investigation. 
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INTRODUCTION, 


Since the racial and individual constancy of blood fat in the 
normal organism was established by Terroine! and confirmed by 
Bloor,’ the estimation of the fat constituents in blood has become 
important pathologically and physiologically. During the past 
few years, reports on diabetes mellitus, nephritis, chronic anemia, 
and other diseases have appeared and also a good deal of experi- 
mental work has been published, particularly by Bloor. Up to 
the present time, most of the work in this line has been done on 
human beings and dogs. The small amount of data on the fat 
in the blood of rabbits was due to the lack of suitable methods 
for the determination of the small amount of blood fat. The 
Kumagawa-Suto-Shimidzu gravimetric method,’ which usually 
needs 25 cc. of blood, is not available for small animals, espe- 
cially for rabbits, because of the low fat constituents. To get 
25 ec. of plasma, about 40 ec. of whole blood are required, and one 
drawing of such an amount of blood may cause a great change in 
blood fats, as is seen in the latter part of this paper. 

The nephelometric methods for the estimation of total fatty 
acids and lecithin, and colorimetric method for cholesterol, pro- 
posed and modified by Bloor, were used in the present work. 
In these methods, 2 to 3 cc. of blood are sufficient for at least the 


Terroine, E.-F., J. phys. et path. gen., 1914, xvi, 212. 
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duplicate examination of total fatty acids, lecithin, and cho- 
lesterol; and 10 ec. of blood are enough for the complete analysis 
of the fat constituents in whole blood, and plasma and corpuscles 
separately. 

In all the following experiments, the blood sample was drawn 
from the ear vein before feeding, between 9 and 11 o’clock in the 
morning, after the rabbit had been kept over one night in a cage 
with a bowl of water. The ear was shaved, massaged, and the 
vein was cut slightly with a sharp razor. The quickly dropping 
blood was received in a graduated centrifuge tube containing 2 
drops of saturated citrate or oxalate solution. The rabbit’s ear 
should be bent a little, to keep the wound open. After one 
becomes proficient in the technique, it is not difficult to draw 10 
ce. of blood in from 10 to 30 minutes. 

The determination of blood fat constituents was carried out by 
Bloor’s methods, except that 15 ce. of each extract of whole 
blood and plasma were taken instead of 10 ce. as in the orig- 
inal procedure, and a different amount of standard oleic acid or 
phosphoric acid solution was used in order to get similar values 
for comparison. It is not necessary to repeat the methods 
for the determination of blood fat constituents which have been 
described by Bloor. Slight modifications of the methods were 
made as follows: 

1. Fat values of corpuscles except in the first few cases were 
estimated directly instead of being calculated from the values of 
whole blood and plasma. Rabbit blood corpuscles were sepa- 
rated from the plasma after centrifugation and were washed with 
physiological salt solution. After the wash liquid in the centri- 
fuge tube had been thrown away, an equal quantity of distilled 
water was used for hemolyzing. The hemolyzed corpuscles were 
extracted as in the case of the whole blood and plasma. 

2. For the nephelometric and colorimetric determination of 
the fats, 15 ee. of whole blood extract or 10 ce. of corpuscle 
extract were usually compared with 5 ec. of the standard oleic 
acid solution (containing 2 mg. in 5 ec.), or of standard phos- 
phorie acid solution (containing 0.15 mg. of HsPO, in 5 ce.), or 
of standard cholesterol solution (containing 0.5 mg. in 5 ece.). 

3. As plasma fat constituents were found to be very low, 15 
ce. of the plasma extract could be compared with only 3 ec. each 
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of the standard oleic acid solution, the standard phosphoric acid 
solution, and the standard cholesterol solution, the latter being 


sometimes reduced to 2 ec. 


Blood Fats of Normal Rabbits and Their Variat On, 


Boggs and Morris‘ analyzed normal rabbit blood serum by the 
Soxhlet method and obtained 0.3 to 0.5 gm. of total extract. 
Sakai’ determined blood fats of six rabbits by the Kumagawa- 
Suto-Shimidzu method, and the Autenrieth-Funk method, their 
average values of fatty acids, non-saponifiable substance, and 
cholesterol being 0.293, 0.097, and 0.063 em.. respectively. 

In my experiments, the fat constituents in blood of nineteen 
male rabbits were analyzed. Nine of the rabbits were previously 
fed carrots, the other ten sunflower seeds, during periods of from 
1 day to a few weeks. The former is classified as Group A, the 
latter as Group B; and the results are given in Table I. 

The most remarkable fact in Table I is that the values of 
various fat constituents in plasma of rabbits on carrot diet 
Group A) and on sunflower seed diet (Group B), particularly in 
the former, are much less than those of the corpuscles; total 
fatty acids in plasma being about two-thirds, while cholesterol 
and lecithin are only about one-half and one-third, respectively, 
of those of the corpuscles. 

In comparing Groups A and B, total fatty acids of the 
former, particularly that of the plasma, were found to be con- 
siderably less than of the latter, while there was almost no differ- 
ence in lecithin and cholesterol values. 

In Table II, our results on the average value of rabbit blood 
fat constituents are compared with those of dogs and humans 
Bloor). 
ba In Table II, the most marked fact is that cholesterol and 
lecithin in rabbit plasma are less than those in other animals 
lecithin being one-half and cholesterol being one-third that of 
human plasma, while no great difference in total fatty acids is 
found. 


4 Boggs, T. R., and Morris, R. 8., J. Exp. Med., 1909, xi, 553. 
Sakai, S., Biochem. Z., 1914, Ixii, 387. 
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There are only a few differences as regards fat constituents of 
corpuscles. Accordingly, the ratio of total fatty acids to lecithin 
in plasma is much greater in the rabbit. As the difference is 


mere manifest in cholesterol than in lecithin, the ratio of lee 


to cholesterol is found to be larger. 


Next we will consider the variation from the average of 


fat constituents of whole blood. plasma, and corpuscles O 
nineteen rabbits. This is, however, as Table III shows. not 


hi 


4} 
itnin 


the 
f the 
very 


large. Most of them vary from the average only within 30 per 


cent, as is shown in the following summary, taken from Tabl 
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Daily Variation of the Ind dual Blood Fat ¢ onstatisi AS yf \ 
Rabbits. 
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Six rabbits were used for this purpose, two of them bein 


given carrots, the others sunflower seeds. The former grou 


p is 


classified as Group A and the latter as Group B. 10 ee. of blood 


were drawn from each rabbit either on consecutive davs fon 
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SUMMARY 





AND 





CONCLUSIONS. 


The blood fat constituents of nineteen normal rabbits, ot 
different sizes and on different diets, have been determined n 
six of them, analy ses were carried out every day for 3 or 4 davs 
and also in two of the latter at different times at interval 
few weeks. 

It is most noticeable that in rabbit blood the fat constituents 
ol the plasma are markedly less than in the corpuscles, Che re 1s 
a remarkable difference between rabbit blood and human or 
dog blood, and there is also a great difference in amount of fat 
constituents of whole blood and plasma in rabbits and in human 
beings or dogs. Of the fat constituents of rabbit pl sma ho- 
lesterol is one-third of that of human beings, lecithin one-half 
and total fatty acids about two-thirds of human beings, while 
the difference of corpust le fats is very small. rom these racts, 

total fatty acids lecithin 


the ratios . and in 
lecithin cholesterol] 


1 . 
plasina ire ul 


in rabbits than in human beings. 
Rabbits as well as human beings and dogs have a racial and 
individual constancy of fatty substances in blood \ll the fat 
constituents in plasma and corpuscles of rabbits fed carrots and 
of rabbits fed sunflower seeds on successive days and at few 
weeks’ intervals are shown to be mostly within a very small limit 
of variation from the individual average and also from the Ist 

day’s value. 
total fatty acids lecithin 


The ratios and : 
lecithin cholesterol 


are uso verv CLOSE 


to the racial and individual average and to the Ist day’s amount 

It is definitely shown in this experiment that the blood fat 
values are practically stable, even when 10 ec. of blood are taken 
every day, if the duration of bleeding lies within 3 to 4 days. 
This is particularly so on the fat-free diet. When 10 ce. of blood 
are drawn every day for a longer period, however, changes in 
amount of fat constituents take place which are reported in the 


following paper. 










































STUDIES ON BLOOD FAT. 
II. LIPEMIA IN ACUTE ANEMIA. 


By YAJIRO HORIUCHI 
I the Biochemical Laboratory, Harvard M¢ S 


Reeeived for publication, July 29, 1920 


INTRODUCTION, 


experimental lipemia, first described by Boggs and Morris, 


was produced by them in rabbits by drawing from 15 to 45 ce. 


of blood every day. To produce the milky plasma 8 to 16 days 
were required. The blood fats increased from 0.3 to 4.53 per 
cent, as determined by the Soxhlet extraction method, lecithin 
being about 10 per cent ol the total lipoid. Saka’ did not find 
tlimentary lipemia in normal rabbits, even in one from which 
20 ec. of blood were drawn and to which 17 gm. of palmin wer 
given but an increase of blood fat in a rabbit which was mad 
nem hy drawing 13 to 20 ee. of blood successively for 5 davs 
3 hours after 17 gm. of palmin were given. He examined also 
the alimentary lipemia in anemic rabbits fed on milk, bread, o1 


ordinary food. In his cases, the fatty acids increased to a high 


degree, but choleste rol TO less extent, the re lation Ot tatty elds 
to cholesterol being cote Or Fe ci. He used the Kumagawa- 


1 


Suto-Shimidzu method for the determination of fatty acids and 


cholesterol, and Autenriecth-Funk’s colorimetri method for the 
control of cholesterol estimation. Owing to the need of a larg 


amount of blood in making the analysis of fats by the old met 
ods, the work of these authors was limited, as they could work on 
the animals only occasionally. 

\s I considered 1 probable that a single drawing of a large 


amount of blood could cause a strong lipemia in a rabbit not 


Boggs, T. R., and Morris, R. S., J. Exp. Med., 1909 


R.., 
Sakai, S., Biochem. Z., 1914, Ixii, 387. 
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previously anemic, I made preliminary experiments by repeated 
drawing of small amounts of blood from two rabbits, one on sun- 
flower seed diet, the other on carrot diet. In both of them, very 
high grade lipemia resulted. In further experiments with three 
rabbits on a fat diet, two rabbits on a fat-free diet, and one on a 
fat-free diet but with occasional fat food, a very high lipemia 
was produced and the relation of lipemia to different kinds of 
foods was carefully studied. 

\ few remarks are added as to the methods of blood fat deter- 


mination. 3 ce. of whole blood and plasma, and 2.8 to 1.2 ¢ 
of corpuscles, obtained from 7 (10-3) cc. of whole blood, were 
used for extraction. To estimate the lipoid of each blood sample, 
an appropriate quantity of the extract, according to the degree 


of lipemia, was used for comparison with the standard solution. 


‘o 


For the total fatty acids, 15, 10, 5, 3, 2, sometimes even 1 ec. of 
whole blood and plasma extract were enough to compare with 5 
ec. of the standard solution, while 15 ee. of corpuscle extract were 
required to compare with 3 ec. of the standard solution. For 
lecithin, 16, 7, or 5 ce. of whole blood and plasma extract could 
be compared with the standard direct, while 10 to 15 ce. of cor- 
puscle extract were always used. In the cholesterol determina- 
tion, 5 to 15 ec. of whole blood and plasma extract were taken to 
compare with 3 to 5 ce. of the standard, while only 2 to 3 ec. of 


standard solution were needed for the 15 cc. of corpuscle extract. 


(‘har (jé } the Blood Fats of al Rabbit. whe hi About 10 ¢ Ge of Blood 
Are Drawn Daily for 15 Days. 


A. Lipemia of a Rabbit on a Fat Diet.—About 10 ce. of blood 
were drawn from the ear every day from a relatively small rabbit 
(No. 10), weighing 1,190 gm., while being fed with sunflower 
seeds. Tor the first 3 days of bleeding the composition of the 
blood remained unchanged. On the 4th day (72 hours after the 
first bleeding), namely after 35 cc. of blood were taken, the blood 
underwent a characteristic change, whole blood becoming like 
chocolate cream with a creamy plasma. This appearance became 
more marked on the following day. As shown by the analysis 
of the blood fats, total fatty acids, lecithin, and cholesterol 
increased greatly in the whole blood and plasma, particularly in 
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plasma. The highest values for total fatty acids of the whole 
blood and plasma were 7.09 and 8.41 times the value in the first 
specimen. Lecithin and cholesterol increased in the whole blood 
and plasma, but not so much as total fatty acids. The greatest 
increase in the whole blood and plasma for lecithin was 2.48 and 
3.63 times the Ist day’s value, cholesterol being 3.00 and 4.00 
times the original amounts. Fats in the corpuscles were slight], 
increased, but the increased amounts were within the limit of! 
analytical error. 

B. Lipemia of a Rabbit on a Fat-Free Diet.—-The same experi- 
ment was performed on a larger rabbit, weighing 1,980 gm., on 
fat-free carrot diet. For the first 7 days, the blood fats showed 
ho particular change, although 10 ce. of blood were drawn ever) 
day, and the percentage of corpuscles to the whole blood de- 
creased from 37 to 19, and hemoglobin (Sahli) from 55 to 30 
For 2 days thereafter, blood fat constituents increased gradually 
Finally, a large amount of blood (45 ec.) was drawn, which caused 
a strong lipemia lasting for 3 days. On the 2nd day, the lipemia 
was greatest, and the increase of total fatty acids in whole blood 
and plasma was 9.53 and 15.52 times the normal value, lecithir 
being 4.06 and 7.50, cholesterol 2.20 and 3.43 times the normal. 
Fat in the corpuscles was not much changed. 
total fatty acids lecithin , 

and Increased gr 


lecithin cholesterol 


The ratios 


on the Ist day of lipemia in Experiment B as well as in Experi- 
ment A. 

The analytical results of Experiments A and B, and the degree 
of increase of blood fat compared with the first sample are givet 
in Table I. 

In one case (a rabbit fed on sunflower seed) strong lipemia 
was produced easily by repeated small bleedings, but in the 
other (a rabbit fed on carrots) an extensive additional bleeding 
was required. Also the total fatty acids increased to a greate! 
extent than lecithin or cholesterol, and the lipemia in both cases 
is that of plasma but not that of corpuscles. 

As the only difference between Experiments A and B, except- 
ing the size of the animals, was in the feeding of a fatty and of a 
fat-free food, it is very probable that the fat of lipemia in Experi- 
ment A is due to the food fat, and in Experiment B to the mobil- 
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ized fat from the tissues. Further, the above fact proves that 
the lipemia caused by inability to utilize food fat oceurs more 
easily and earlier than the lipemia from the stored fat. And 
again, larger hemorrhage is probably necessary to cause the 
mobilization of the fat in tissues, and also a certain period mus 
elapse before the fat will appear in the blood stream. Moreover 
we learn that it 1s absolutely necessal to avoid excessive hemor- 
rhage from rabbits not merely in the stud of fat metabolism but 
also in ordinary chemical and serological work, as the content of 
blood would be changed. In the above two eases, the fat con- 
stituents in blood remained unchanged for 3 days in Experiment 


\ and 7 days in Experiment B, when 10 cc. of blood were taken 


Dor s 1¢ ite Anemia Claus if pemia na Ra yb t? 


In this experiment, a large amount of blood (45 ee.) was drawn 
from each rabbit. In Experiment A with sunflower seeds, a 
slightly cloudy plasma was observed after 24 hours. The typical 
chocolate cream-like whole blood and creamy plasma were seen 
after 48 hours, and the lipemia reached the maximum on the 
following day. 

In Experiment B with carrots, the fat constituents in plasma 
and whole blood increased somewhat after 24 hours. The plasma 
on the next day became milky, but began to clear again on the 


{th day 


The analytical results of blood fats in Experimer 


\ show a 


large increase of total fatty acids in plasma and a proportional 
increase in whole blood. Lecithin and cholesterol increased also 
in plasma, and therefore in whole blood, but not so much as 
total Latty acids. In Kxperiment B, the greatest increase of 
total fatty acids in plasma took place 48 hours after drawing the 
blood. It was about four times the first sample. As in Experi- 
ment A, lecithin and cholesterol increased markedly in plasma, 
but not so much as the total fatty acids. Fat values in cor- 
puscles in both cases are not particularly increased. Therefore, 
the lipemia of both rabbits, occurring markedly from food fats 
and less so from tissue fats, was in plasma alone, and not in 


corpuscles 
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370 Studies on Blood Fat. II 


To make clear the degree of increase of blood fats in plasma by 
acute anemia, a summary of Table II is added. 


Summary of Table II. 


Ratio of the high fat value in plasma to the original amount 
in li ye Mis by acute anemia. 
Day of anemia E - 
Total fatty acids Lecithir Cholesterol 


A. No. 14 (sunflower seed diet 


lst 1.00 1.00 1.00 
2nd 2.47 1.36 1.67 
3rd 7.59 3.29 t.50 
{th 12.56 +. 64 6.50 


B. No. 16 (carrot diet 


Ist 1.00 1.00 1.00 
2nd 1.36 1.82 1.50 
3rd 1.32 2.55 2 33 
tth 2.54 2.22 2 00 
7th 1.29 1.36 1.50 


The fat value of the Ist day’s blood is called 1.00; the other numbers 
express the relation of high fat values to the originals 


How Long Doe 8 the Lipe mia Produced by Acute Ane mn a ( ontinise P 


In this experiment, three rabbits, two fed on sunflower seeds 
and one on carrots, were used. It was desired to study the whole 
course of the lipemia of acute anemia. 

Experiment A.—One of the two rabbits on fatty food was made 
anemic by drawing a large amount of blood (70 ee.), in which the 
milky plasma, beginning slightly after 24 hours as in previous 
cases, developed strong milkiness, reached its maximum after 
72 hours, and then began to decrease on the next day. The 
milkiness disappeared from the plasma 168 hours after the first 
bleeding and the increased fat constituents, total fatty acids, 
lecithin, and cholesterol, in plasma had returned to about the 
original amount after 18 days. 

In Rabbit 18, which had been used 2 months before as No. 
16 for a similar experiment, the lipemia was of a little different 


type as regards its beginning and duration. The marked lipemia 
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began 24 hours after the first drawing of blood and reached the 
maximum 48 hours after the first bleeding. Strongly milky 
plasma was seen for 5 days. Moreover, the lipemia was more 
marked than in others, the fat value being the highest of all the 
cases; highest total fatty acids being as large as 25.48 times the 
Ist day’s amount. The other lipoid constituents in plasma were 
also very high. The lipemia gradually diminished and after 17 
days all the fat values were near the original amount. 

Experiment B.—With Rabbit 19 (carrot-fed), as the drawing of 
a relatively small amount of blood (35 cc.) caused very little 
difference in the blood fat constituents, another bleeding of 25 
ec. was made on the next day. Then the increase of fats in 
plasma began promptly, and milkiness continued for the 2 fol- 
lowing days. However, in this carrot-fed rabbit as well as in 
the previous one on the same diet, the change in fat constituents 
was relatively small. Although the total fatty acids, lecithin, 
and cholesterol decreased day by day, they were a little higher 
than the first amounts even after 14 days. 

The summary, calculated from Table III, shows the percent- 
age increase of fats in plasma, during the whole course of the 
lipemia. 

In the three cases, the milky plasma continued for 6, 5, and 
3 days, respectively, after the first hemorrhage, while each blood 
fat constituent was generally higher than the original amount 
even after 17, 14, and 13 days, respectively. 
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Studies on Blood Fat. 


Summary of Tab 


Ratio of the high fat value in plasma to the origin 


amount through the 


Tatty : 


Sunflower seed diet 


1.00 
» 19 
19.12 
19.96 
11.73 
5.00 
» SI 
1.54 
1.OS 
1.00 
10.33 
25.48 
15.71 
14.05 
10.71 
1.SI 
1 38 
1.00 
irrot 
1.00 
1.18 
4.88 

4 

\) 





was performed with Rabbit 


large amount 


twice drawing 


after the first bleeding, and when the blood fat 
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376 Studies on Blood Fat. II 


food (sunflower seeds) half a day. The blood sample of the 
following morning, instead of diminishing, showed an apparently 
higher lipemia. The total fatty acids in plasma and whole 
blood increased nearly twice. Lecithin and cholesterol values 
also increased. The milkiness of the plasma disappeared soon, 
and the blood fat constituents decreased also, vet they were a 
little higher than the original values after 10 days. This experi- 
ment clearly indicates the relation between the lipemia from 
stored fat and the lipemia from food fat in acute anemia. The 
analytical results are given in Table IV. 


SUMMARY AND CONCLUSION, 


1. Lipemia, higher than any reported in alimentary lipemia in 
animals or in the blood of severe human diabetic acidosis, was 
produced by a single hemorrhage on a rabbit. 

In a relatively small rabbit (1,190 gm.), fed with sunflower 
seeds (fat content about 40 per cent), the repeated drawing of a 
smal! amount of blood, amounting to 35 ec. in 3 days, was enough 
to produce strong lipemia ; the highest content of total fatty 
acids, lecithin, and cholesterol in plasma being 8.41, 3.63, and 
1.00 times the original values, respectively, while in the rabbit on 
fat-free food (carrots which contain 0.4 per cent of fats) the milky 
plasma appeared only after the repeated drawing of 10 ce. of 
blood for 9 days and one additional large hemorrhage (45 ee. 
the highest amount of the above mentioned fat constituents 
being on this occasion 15.52, 7.50, and 3.43 times the first plasma 
fat values. 

In the cases of acute anemia, produced by one large hemorrhage 
15 ec.) on the fat-fed rabbit, the whole blood looked like choco- 
late cream and the plasma was thick and cre amy. In these cases, 


the highest amounts of total fatty acids, lecithin, and cholesterol 
in plasma were found to be 12.56, 4.64, 6.50; 19.96, 7.78, 6.17; 
and 25.48, 6.17, 8.83 times the normal values, while in carrot- 
fed rabbits the amounts were 4.32, 2.55, 2.33, and 7.88, 2.50, 
2.00 times the normal values. 


These lipemias occurred by reason of the inability of the rab- 


bits to utilize the absorbed food fats and mobilized tissue fats in 


the blood stream. The experiment with Rabbit 15 on carrot 
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diet gives us definite proof that fat feeding increases lipemia to a 
considerable degree. 

2. The duration of the lipemia of acute anemia is relatively 
short. The lipemia of rabbits on fat begins with slightly cloudy 
plasma 24 hours after a large bleeding. The creamy or milky 
plasma appears after another 24 hours and the thickest creamy 
plasma is observed about 72 hours after the first hemorrhage. 
lhereafter, the lipemia decreases gradually and disappears within 
another 72 hours. The cases of carrot-fed rabbits proceeded 
nearly like rabbits fed on sunflower seeds, the difference being in 
the amount of fatty contents. 

\lthough the milkiness of plasma disappeared in a relatively 
short time, the abnormally high values of fats in the blood con- 
tinued for a markedly long time. High values persisted even 
after 18 and 14 days from the beginning (Nos. 13, 18, and 19). 
As the result of small daily blood letting for 9 days and a final 
large bleeding, Rabbit 17, carrot-fed, had strong lipemia and 
milky plasma for 5 days. Its blood fat constituents as well as 
the percentage of corpuscles and hemoglobin were normal in a 
sample taken 27 days after the plasma began to be milky. 

3. The above mentioned lipemia, due either to external food 
fat or to internal body tissue fat or to both (No. 15), is a case of 
lipoidemia; z.e., the great increase of total fatty acids was accom- 
panied by a corresponding increase of lecithin and cholesterol. 
The increase of the latter mentioned substances was, however, 
not mathematically proportional to that of total fatty acids, and 
the amounts varied rather irregularly. This lipoidemia of rab- 
bits in acute anemia is a lipoidemia of plasma, but not of cor- 
puscles, as the latter does not share particularly in the fat accu- 
mulation in the blood, as can be seen from the analytical results. 
\ similar phenomenon was experienced by Bloor only in the high 
grade lipemia of some cases of human diabetes mellitus; while 
in other cases of the same disease and his work‘ on fat assimila- 
tion, some increase of the fat constituents in corpuscles was 
always observed. 

{. Lipemia, caused by blood letting, can be produced more 
easily and in a much higher degree when the fats originate from 
.. J. Biol. Chem., 1916, xxvi, 417. 

J. Biol. Chem., 1916, xxiv, 227, 447. 
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the food than when they are mobilized from body tissues. It is 
a fact of some interest that in a ecarrot-fed rabbit (No. 17) the 
very striking lipemia was observed after a large blood drawing 
when the animal had been previously subjected to repeated small 
bleedings for 9 days amounting to 90 cc. It is possible that the 
organism had been prepared for mobilization of body fat when 
previously exposed to anemia for several days. 


5. As the increase of total fatty acids is markedly more than 


that of lecithin and cholesterel, the ratio S™ 7 80% 5. 

lecithin 

whole blood and plasma is abnormally high in strong lipemia. 

As a rule the ratio lecithin is not particularly changed. 
cholesterol 

6. As lipemia may be caused both by repeated drawing of small 
amounts of blood and also by a large hemorrhage, care must be 
taken in the interpretation of the conclusions from work on blood 
fats done under such conditions. 

7. As to the etiology of lipemia, the decrease of the amount of 
lipase in blood serum, determined by Sakai by the stalagmometric 
method of Rona and Michaelis,? may be a factor. However, 
Sakai did not attempt to determine why the lipase in blood serum 
was decreased. It is very probable that hemorrhage may inter- 
fere with the function of the internal organ which is thought to 
be the seat of the production of lipase the pancreas and with 


the organs in which the Evolytic process® takes place, such as the 
spleen, lymphatic glands, ete., and also the liver?:* which is 
believed to be an important organ for the end or later stages of 
fat metabolism (IXnoop,° Leathes, ete.). Accordingly, abnor- 
mally lower lipolysis and oxidation of fats may result, and a 
lipemia may finally be produced. Those important organs for 
fat metabolism would be gradually weakened for 2 or 3 days 


after hemorrhage and then gradually recover, as seen in the 


5 Rona, P., and Michaelis, L., Biochem. Z., 1911, xxxi, 345. Rona P., 
Biochem. Z., 1911, xxxiii, 413. 

6 Freudenberg, E., Biochem. Z., 1912, xlv, 467. 

7 Leathes, F. B., The fats, London, 2nd edition, 1913. 

8 Shibata, N., Biochem. Z., 1911, xxxvil, 345. 

9 Knoop, I., Beitr. chem. Physiol. u. Path., 1905, vi, 150. 
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disappearance of milkiness of plasma and 


j 


iat constituents shown Dy our experiments 


In fat wandering, which has been much discussed in cases o 


phosphorus and other polsoning Tat T? mMsport Lion rom t he 
tissues into the liver oecurs when there is a great diminutior 
glycogen in the liver. In acute anemia, it might be supposed 
hat the liver elyeor n is exhausted before a new supply ron 
food (carrots) reaches the organ, However, the appearance 
iss : og a mia is due likely to a tempor ctino 
Hpemila in acute anemia is due more IKRCLY tO 2 LEM porary Sting, 
t large hemorrhage may produce a kind of inanition. Such 


severe lowering of nutrition mav be enough to produce mobiliza- 


tion of stored fat, giving rise to the accumulation of fat in 
the blood IOr SoOlrn€ lengtl ot time hy the synchronic lack of 
] ] 4 rt : . 4 } + 

lipolytic action. Che lipemia may disappear either when the 


nutrition of organs and tissues again becomes sufficient from 
food or when the lipolytic power ol the blood is completely regen- 
erated. The idea that some of the tissue fats may be easily and 
others may not be so easily mobilized is plausible. In Rabbit 
18, which was exposed previously to anemia, the lipemia by 
acute anemia occurred more easily and earlier than in a normal 
one. 

8. Leathes’ hypothesis that lecithin is a stage through which 
the fat must pass before it can be utilized in meta 
supported by Bloor? by the fact that the lecithin value in corpus- 
cles always increased abn rmally, when the plasma contained 
extra amount of fat, due to the transformation of fatty acids 
into lecithin by corpuscles. In my experiments, however, it was 
not possible to observe this, as the lecithin value in corpuscles 
was not high. If the above mentioned theory is true, there 
should result a hypothesis that the extent of that function of 
corpuscles would be limited in acute anemia, and therefore the 
fat constituents in corpuscles remain almost unchanged, while 
extra fat is left in the plasma without being taken up by cor- 


puscles, resulting in a condition of lipemia. 
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A DEFICIENCY IN HEAT-TREATED MILKS. 


By AMY L. DANIELS ann ROSEMARY LOUGHLIN 


From fhe Depa mer 0 \ il aon, Child Welfare Re ea } ‘ 


Received for publication \ugust 9, 1920 


From time to time during the past few vears there have 


appeared in the literature reports of investigations dealing with 


the hiological value of heat-treated milk These are more « 


} 


less contradictorv, some authors contending that while certain 
chemical changes have rest !ted from the processes en ploy d, they 
have not altered the biological value of the milk Indeed, i 
certain instances it has been pointed out that boiled milk o 


better borne than raw milk ()n the other 


another species is 
hand, there are experiments which indicate that the nutritive 
value of raw milk is much greater than that of boiled milk These 


varying results may be due (1) to the different methods employed 
in heating the milk; or (2) to the different lengths of time the 
experiments were run. Milk boiled quickly may have quite 
different values from that which has been brought slowly to the 
boiling temperature; and an experiment continued over many 
months may produce results which are not discernible in a short 


. : 
veioping syn- 


period investigation. Rickets is not a quickly d 
drome, but the outcome of a greater or less deficiency over a 
considerable period. 

Among those who contend that milk has been made less valu- 
able by heating to high temperatures, there is little unanimity of 
opinion regarding the cause of the deterioration. Recent findings 
relative to the thermostability of the antiscorbutic vitamine may 
account for some of the apparent inconsistencies;? but, in those 


‘ The literature has been reviewed by Lane-Claypon, J. E., Milk and its 
hygienic relations, London, New York, Bombay, and Calcutta, 1916, 225. 

2 Chick, H., Hume, M. E., and Skelton, R. F., Biochem. J., 1918, xii, 
131. Hess, A. F., and Fish, M im. J. Dis. Child., 1914, viii, 385. Hess 
A. F., Am. J. Dis. Child., 1916, xii, 152. 
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cases where the investigations were carried out with 


rats, it 
would seem 


that the biologie Impotency cannot be attributed 
altogether to the destruction of this vitamine, for rats in our 
laboratory which have been fed purified rations, containing no 
demonstrable amount of the antiscorbutie vitamine, throughout 


a complete life evcle have made what is considered normal growth; 


have reproduced; and reared thei voung. Thess In turn, have 
repeated the performance of thy parents. 
Other substances which have been considered as possibly 


responsible for the lack of physiologic well being of animals fed 
heat-treated milk are the easein, and the antineuritie Vitamine 
] 


er-soluble B). MeCollum and Davis’ fed 


(wa rations in which 


the sole source of the water-soluble vitamine Wiis superheated 


whey (15 pounds pressure for 1 hour) in certain cases; and in 


others the water-aleohol extract of wheat 
treated. 


embryo similarly 
There was no evidence that the vitamine was destroyed. 


The rats grew quite as well as control animals receiving similar 


rations containing the unheated materials. When, 


however, 
skim milk powder, heated for 


a considerable period in a double 
boiler, or for 1 hour in an autoclave at 15 pounds pressure, was 
used, growth was not comparable to that on the unheated powder. 
This heated milk powder also lost its potency as a supplement- 
ing material for rations consisting of polished rice, salts, and 
butter fat—rations which require both protein and the water- 
soluble food accessory to make them support growth. The 


addition of a growth minimum (10 per cent) of unheated casein 


to a ration consisting of superheated milk powder stimulated 
growth, which continued slowly throughout the 


i 


experiment. 
The authors conclude that heating casein for 1 hour in an auto- 
clave at 15 pounds pressure quite destroys its biologic valu 


complete protein. 


as a 


Hogan,’ on the other hand, believes that high temperatures 
affect the vitamines rather than the proteins. He found that 
rations including superheated casein and egg white, as essential 
parts of the protein requirement, produced growth similar to 
that secured by rations containing the unheated proteins. In a 
second group of experiments, when corn mixtures, which fur- 


MeCollum, E. V., and Davis, M., J. Biol. Chem., 1915. xxiii, 247. 
‘Hogan, A. G., J. Biol. Chem., 1917, xxx, 115. 
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nished the vitamines, were superheated before the additior 


thes proteins, growth was less marked than on similar rations 


which were unheated. Protein deterioration could not | 
een responsil le for the lack of growth here Che vitamin 
appear to be at fault There is, howeve no experment 
evidence to indicate which of the vitamines mav have CC] 
affected 

Cubson and Concepcion fed fowls a diet of polished rice a 1 
milk, some being given raw milk (100 ¢c.), while others received 
an equal amount of rice and autoclaved milk. Phe results indi 


cate that milk has little protective action against polyneuritis 
for the birds receiving these additional milks developed polvy- 
neuritis in about the same time as those fed polished rice alone. 
The autoclaved milk, however, did not appear to promote the 
onset of the neuritic symptoms. When a considerably larger 
amount (200 cc.) of milk, either fresh or autoclaved, was fed, 
neither group developed neuritis and there was no evidence of 
degenerative changes in the peripheral nerves of these birds. 
From these results it would seem that the antineuritic vitamine 
had not been materially affected hy the high temperatures (2 
hours at 125°C.). Comparable results were also obtained with 
pigs and dogs. 

Recently, some suspicion has been cast on the thermostability 
of the fat-soluble vitamine in certain fats. Osborne and Mende! 
allowed steam to Dass through butter oil for 23 hours Phis, 
when used as the source of fat-soluble A in rations, gave every 
indication of being as efficient as the untreated butter oil. Steen- 
bock and coworkers,’ however, have reported that the fat-soluble 
vVitamine Is readily destroyed even below 100°C. It is probable 
that the apparent inconsistency in the results of these investiga- 
tions lies in the fact that in one case the fat was heated in the 
presence of water (steam), whereas in the other no moisture was 
included. We have found no reports dealing with the effects of 
superheat on the fat-soluble complex as it exists in milk. 


> Gibson, R. B., and Conecepcién, I., Philippine J. Sc., Section B, 1916, 
x1, 119. 

6 Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 19 : 

7 Steenbock, H., Boutwell, P. W., and Kent, H. E., J. Biol. Chem., 


1918, xxxv, 517. 
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In a recent study (1916) of the nutritive value of milk held at 
the boiling temperature for different periods, Daniels and Stuessy® 
observed that rats fed milk boiled 1, 10, and 45 minutes, respec- 
tively, grew slowly, failed to achieve the expected weight for 
normal animals, and never reproduced. Growth curves of rats 
receiving milk heated above 100°C. (114°C. for 45 minutes 
were fairly comparable to those receiving milk held at the boiling 
temperature, nutrition disaster intervening only somewhat earlier. 
The addition of well washed coagulated egg volk and casein to 
the diets of those animals receiving the milk held at the boiling 
temperature for 45 minutes, and of coagulated egg white to the 
superheated milk, caused growth to be resumed. The animals 
fed the egg volk additions produced several litters of young which 
were successfully suckled. Although the authors offer in expla- 
nation of their results the possible destruction of some of the 
casein, which was supplemented by the added protein, they 
suggest that there might be other contributing factors, such as 
the vitamines and inorganic constituents which were respon- 
sible for the growth stimulation. 

Since the first report, some of the above experiments have 
been repeated with the view of determining, if possible, what 
substance or substances are changed by the heating processes. 
In the earlier work, in order that all conditions during heating 
might be as nearly comparable as possible, equal quantities ot 
milk (1 pint) were brought to the desired temperature in glass 
containers of the same size and form, which were completely 
surrounded by cold water. The period of boiling was counted 
from the time the milk reached the boiling temperature (98°F .), 
the time required to bring the milk to the boiling point (about 
35 minutes) not being considered. In the new experiments, 
since the length of time the milk was held at the boiling tempera- 
ture appeared to make but little difference in the growth of the 
animals, the milk was brought quickly to the boiling point in an 
open aluminum kettle, and the boiling continued for just 1 min- 
ute. At that time it was believed that milk brought quickly to 
the boiling point was in every way comparable to that heated by 
the former method. In these experiments special care was taken 


8 Daniels, A. L., and stuessy, &., im. J. D Child., 1916, xi, 45. 
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to select well nourished young rats from our stock group. Our 
rats of the first generation fed this quickly heated milk grew 
normally, and to all appearances were perfectly nourished ani- 
mals (Chart 1). Growth in these rats was in such striking con- 
trast to that of the earlier work that it seemed best to repeat the 
former experiments, heating the milk under the same conditions 
as before. Our results with this second group of rats fed the 


milk brought slowly to the boiling point were the same as those 








Grems) C&C CLUSIVE DIET OF TYLA \BOLLED QUICKLY 
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Cuart 2. Rats fed milk heated slowly to the boiling temperature grew 
| 


it about half the usual rate 

of the first experiments—the animals grew slowly, reached only 
about half the normal size, and failed to reproduce (Chart 2 
A comparison of the growth curves of these milk-fed animals can 
lead to but one conclusion; namely, that milk brought quickly to 
the boiling temperature and held there for only a short period is 
little affeeted, while that which has been heated for a considerable 


period (35 minutes), even below the boiling temperature, is so 


changed that it fails to meet the nutritive requirements of rats. 
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The results with the slowly heated milk led us to investigate 
the effeets of commercially canned milk and milk pasteurized by 
the “‘hold” system—a system used extensively in dairies and in 
institutions where numbers of babies are cared for. Previous 
experience in our laboratory with milk pasteurized by the “flash” 
svstem has indicated that it is little affected by the process, 
Rats STeCW AS well on this as on milk raise | quickly to the boiling 
temperature. 


The pasteurized milk used in our experiments was prepare 


under the same conditions as that used for the babies in our chil- 
dren’s hospital. The milk was placed in individual nursing 
bottles which were surrounded by cold water. The water was 
heatect by steam to 65°C. in some cases, and in others to 82° 

the time required for heating varving from 30 to 45 minutes, 


depending upon the pressure on the particular day. The milk 





was then held at the desired temperature 40 minutes, after which 
it was cooled by running water and placed on ice.’ 

[In our experiments with commercially canned milk, both the 
sweetened (condensed) and the unsweetened evaporated were 
used. In the latter case (evaporated milk) three brands, desig- 
nated as Brands A, B, and C, were tested. In one case only 
were we able to get definite information regarding the methods 
ol preparation. We infer that the methods employed in the 
other two cases were similar. The process consists in holding the 
milk at the boiling temperature for approximately 10 minutes. 
It is then evaporated in vacuo at a temperature of 130-140° F 
until the ratio Is approximately two to one. After cooling, it is 
canned, sealed, and sterilized at 240° F. for about 20 minutes. 
T 


which a few specks of iron citrate were added, were fed ad libitum, 


iese milks diluted with equal quantities of distilled water, to 


especial care being taken to see that an abundance of milk was 
always provided. 

In the production of the condensed milk tested according to 
the statement of the manufacturer, after adding the sugar the 


We appreciate that the temperature of pasteurization was somewhat 
highe r than that used in the commercial process, and therefore ho conclu- 
sions regarding the biologic value of the commercially pasteurized milk 


can be drawn. Experiments with milk commercially pasteurized are now 


In progress, 
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milk is first heated to approximately 200° F This is then con- 
ae nsed to the rat sired consistence, In Vacuum pans the te mpera 
ture during this part of the operation averaging 150° F., | 

the milk condenses. the temperature gradu il] ar l 
reaches about 120° at the completion of the process his milk 


was fed undiluted, distilled water being provided in othe 


baimmers., 

The growth curves of the rats fed the pasteurized milk (Chart 
" ! 1] > } I | } 
») are very similar to those of animals which recerved tl milk 
heated slowly to the boiling temperature. As in thi ter case 


[[Grems, D/AT OF PASTEURIZED N/LK — | 
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Cuart 3. Growth curves of rats fed milk pasteurized by the 
process in the apparatus used for pasteurizing the hospit mil 
feedings During Period 2 (represented by the broken line) the addition 
f tricaleium phosphate incorporated in a starch paste stimulated growth 


the rats grew at about half the usual rate and never attained 
normal size for adult animals. 

With the unsweetened evaporated milk the results were even 
more surprising (Chart 4). On Brand A the animals made almost 
no growth gains and died after a few weeks. On Brands B and 
C slightly better results were obtained. The animals gained 
slowly and lived for somewhat longer periods, but all ultimately 
died in a miserable condition—emaciated, with roughened coats, 
but with no signs of xerophthalmia. The somewhat better 
results with Brands B and C may possibly be explained by the 
fact that the animals on these were about 2 weeks older when the 


experiment was begun. 
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The animals fed the sweetened (condensed) milk'® made 
decidedly better growth than any of our rats fed the other forms 
of long heat-treated milk; in fact their curves of growth are 
fairly comparable to those of normal animals (Chart 5, Group 2 


Although the temperatures used in the process of condensing, 
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Cuart 4. Animals fed evaporated milk (unsweetened) made scarcely 
no growth and died after a few weeks. 
an a SS = 
°°"! £ VAPORATED SI/LA\/N PASTE UNDILUTEO CONDENSED MILA 
i I + + t + } } — + + 4 + 4 + 
| \GAOUP 3 } a 


Cuart 5. Group 1 indicates the rate of growth of animals fed evapor- 
ated milk made into a starch paste. 

Group 2 are growth curves of animals fed undiluted condensed (sweet- 
ened) milk. 


We are indebted to Miss Emma Francis, Battle Creek, Michigan 
for assistance in these experiments. 
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after the initial step, were not so very different from those 
employed in our pasteurization processes, the chemical changes 
produced, seemingly, had not taken place. In view of our other 
findings these results were at first confusing. The explanation, 
however, was forthcoming later in the investigation. 

In studying what changes had taken place in the unsweetened 
evaporated) and our long heat-treated milks, our attention was 
first directed toward the possible destruction of the two vitamines, 


fat-soluble A and water-soluble B. The addition of liberal 





amounts (25 ce. per 200 ec. of milk) of the water-aleohol extract 


of wheat embryo to the milk raised slowly to the boiling tempera- 
ture produced no perceptible change in the growth curves 0 
these animals. Nor was there any evidence that the antineuritic 
vitamine was affected in the milk heated to the higher tempera- 
tures (evaporated milk Those animals fed purified rations! in 
which the antineuritic material was supplied by fresh milk in 
one case and diluted evaporated milk in another, gave no indica- 
tion that the antineuritic vitamine was destroyed by the con- 
densing process (Chart 6 During the early part of the investi- 
gation too little milk (less than 200 ec. per 100 gm. of ratior 

was added to produce normal growth. The growth curves of the 
animals receiving the evaporated milk additions, however, were 
consistently better than those of animals receiving the fresh milk 
mixture. These better results seem to point to a higher anti- 
neuritic content of the food mixture containing the evaporated 
milk. In preparing the foods especial care was taken to dilute 
the evaporated milk with equal quantities of distilled water. A 
comparison of the protein (N x 6.25) content of this diluted milk 
3.5 per cent) and the fresh (3.3 per cent milk suggested that the 
evaporated milk, as fed, might contain slightly more of the 


vitamine. We appreciate, however, that the amount of protein 


rhe purified rations consisted 
(Case in 13.5 gr 
Corn-starch 77.0 
Suitable salt mixtures 6.0 
Milk, evaporated 28 0 ce 
fresh 56.0 “ 
Che precipitated ecasell yas W ished 24 hours in running wate! 11S- 


solved in 0.2 per cent sodium hydroxide solution, reprecipitate 
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a milk contains can be, at best, only a very rough estimate of its 
antineuritic value. Nevertheless, if the 


antineuritic vitamine 
had been considerably destroved by 


the prolonged heat treat- 
ment employed in the evaporation processes, it would have been 


evidenced. we believe, by a slower growth rate of the animals 


fed the evaporated milk ration. 

We have been unable also to obtain data indicating that t] 
fat-soluble vitamine is appreciably affected, if 
heat treatment of milk. The addition of 
LOO ce. of diluted milk 


at all, by the 


butter oil (2 em. per 
was without effect in stimulating gro\ 
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Cuart 6. Animals fed purified rations in which evaporated milk (100 ec. 
during Period 2), Group 1, and fresh milk (200 ec. during Period 2), Group 
2, respectively, supplied the only water-soluble vitamine made comparable 
growth gains. 


in the stunted animals fed the superheated (evaporated) milk. 
A comparison of the growth curves of animals fed a purified ration 
in which the fat-soluble vitamine was supplied very largely by 
2 per cent of milk fat from evaporated milk (28 ec. per 100 gm. of 
ration), and fresh milk (56 ec. per 100 gm. of ration), respectively, 
gave no evidence of the destruction of this vitamine (Chart 7 

During the period of investigation both groups have made normal 
growth gains, and in neither has there been any indication of 


xerophthalmia. The purified ration for these particular groups 
was prepared from casein obtained from centrifuged milk. This 
was not 


ether-extracted, nor was the wheat embryo used as 
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the source of the water-soluble vitamine extracted previous to 
the alcoholic treatment. It is obvious, therefore, that somewhat 
more than 2 per cent of butter fat was being fed. But since it 
has been shown that 5 per cent is essential for normal growth, 
it was believed that if a considerable destruction of the butte: 
fat had taken place in the superheated milk it would be mad 
apparent by the comparative study. 

The addition of both vitamines—the water-soluble and the 
fat-soluble—produced no growth stimulation in the stunted 


r 
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Cuart 7. Growth curves of animals fed purified rations in which the fat- 
soluble vitamine was supplied by 2 per cent of fat from evaporated mill 
Group 1), and fresh milk (Group 2). In these rations the casein and 
wheat embryo which furnished the extract containing the water-soluble 


} 


vitamine were not ether-extracted 
animals fed the evaporated milk. If either of these vitamines 
was affected by the methods of heating, it was not indicated by 
our investigation. 

The insoluble precipitate on the sides and in the bottom of 
some of the cans of evaporated milk used in the investigation 
suggested that the inorganic constituents, in part at least, might 
be responsible for our growth failures. It is well known that 
boiling brings about changed Ie lations In the inorganic complexe 3 


of the milk, resulting in an increase of the insoluble calcium and 
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magnesium salts, especially the caleium phosphates at tl 


11 
expense of the soluble forms. But all evidence in stock feeding, 
at least, points to the conclusion that these di- and tri-ba 


Sic 
salts are available. Bone ash and precipitated calcium phos- 


phate are usual additions to certain types of farm rations.'* ‘The 
additions of mono-basie and di-basic calcium phosphate, 


respec- 


tively, to our milk foods were without significant influence. The 
mono-basic salt was apparently distasteful, for when this was 
added very little of the milk was eaten. With the di-basic 
phosphate somewhat better results were obtained, but growth vw 


Vas 


still considerably below normal. When calcium lactate w 
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Cuart &. The addition of calcium lactate to milk brought slowly 0 
minutes) to the boiling point, stimulated growth (Period 2 The rate 
of growth, however, is considerably less than the optimun 


added to the milk brought slowly to the boiling point, growth 


was stimulated in animals previously stunted on this milk alone 


Chart 8). Furthermore, young animals fed both the long heat- 
treated milk, and the superheated milk evaporated to which 
calcium lactate (approximately 0.77 gm. per 100 ec. of milk) was 
added from the beginning, made f ae satisfactory growth gains; 


and in a number of cases young were born (Charts 9 and 10). 


Very occasionally we succeeded in raising a few of a second gen- 
eration. However, the number of young which we failed to 
Bull. Hyg. Lab., | S. P. H. No. 56, 1909, 2nd edition, 646 

‘Henry, W. A., and Morrison, F. B., Feeds and feeding, Madis 


16th edition. 1916. 66. 
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fact that our first generation was somewhat be 





raise, and the low 
the accepted standard for well nourished rats, suggested that 
calcium lactate only in part made up the deficiency produc d by 
the heat treatment of milk. Che additions of considerably large! 
eclum lactate produced no bette! results 


amounts OL Ca 


—— ae = gg — ————— —< — = — 
|Ore"s) Die T OF SLOWLY HEATEO MILA #CALCIUN LACTATE 
y Y 


200}. 






| 
| 
| 
| 
| 
Ee fo a — J) 


Cuart 9. These animals were fed, from the beginning of the expe ri- 
mental period, milk brought slowly to the boiling temperature, to which 


caleium lactate was added. 
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ing were born: a few lived through the suckling period. 
T 


it seeme (| probable that oul I; ( k of success with the diecaletum 


phosphate might have been due to the fact that enough of the 
I 


salt could not be dissolved in the milk to meet the needs of the 
experimental animals, therefore the more soluble calcium glycero- 
! ; Pan +} 


yhosphate was tested. Che substitution of this fe re calcium 
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lactate stimulated growth (Chart 11, Group 1). By incorporat- 
ing the calcium glycerophosphate in a paste of diluted evaporated 
milk and corn-starch, our results were even more successful. 
The growth curves of these animals (Chart 11, Group 2) were 
quite similar to those of animals fed milk boiled 1 minute. With 
our calcium glycerophosphate additions young rats have grown 
to maturity and reproduced at a comparatively early age. This 
is the first time in our many experiments With long heat-treated, 
or superheated milk that we have been able to secure results at 
all comparable with those obtained on raw milk (Chart 12) or 
milk brought quickly to the boiling point (Chart 1). 
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Cuart ll. The substitution of calcium glycerophosphate for calcium 
lactate in tl liet of rats fed slowly heated milk stimulated growth 
G ip | 

Calcium glycerophosphate added to evaporated milk produced normal 
growth curves. Young were born at a comparatively early age (Group 2). 

Evaporated milk supplemented with tricalcium phosphate in a starch 
paste produced equally good growth (Group 3). 


As has been stated, all evidence in the literature is to the 
effect that tricalerum phosp! ate when fed to stock is available. 
Do rats differ from farm animals in being unable to utilize this 
tri-basic salt? In order to determine this we fed evaporated 
milk (Brand A), and supplemented this with the insoluble salt 


incorporated in a starch paste. The growth of these animals 


(Chart 11, Group 3) is superior to that of any of our milk-fed rats, 


iil 
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and leaves no doubt concerning the availability of this tri-basic 
salt. 

Why then did our animals fail to grow on the long heat-treated 
and evaporated milk? Two possibilities suggest themselves. 
in the process of condensing, a certain amount of the calcium 
phosphate is precipitated and may be discarded as waste, although 
in the published analyses“-there is no evidence that such has 
been the case. It is also possible that some of the insoluble mate- 
rial settled to the bottom of the feeding containers and was not 
taken by the animals. Rats fed the diluted evaporated milk 

Brand A) thickened with corn-starch made practically normal 


lor 70%) 
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Cuart 12. Growth curves of first generation rats fed raw milk. 


growth gains during the 8 weeks of the investigation (Chart 5, 
Group 1). A comparison of these curves with those of our 
animals on the unthickened evaporated milk suggests that the 
growth failures of our animals on the evaporated milk were due 
to the fact that the insoluble calcium phosphate in the diluted 
milk settled out and was not eaten. 

Can the nutritive failures of our animals fed the long treated 
milk, that is the milk brought slowly to the boiling point, and 
the pasteurized milk, be similarly accounted for? In these we 
have never been conscious of any considerable precipitate, 

6’ Sherman, H. C., Chemistry of food and nutrition, New York, 2nd 
124, 


edition ISIS 
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ly | . . j 

il hough slight pre ecipitates were frequently observe ion the sides 
ind bottom of the containers in which the milks were heated. 
In order TO tes this point. animals pre vioush stunted S thre 


} 1 


results of pasteurized milk feeding were given in addition the 





trl ileium phosphate Staren paste. \s in the CHS Oo: The ¢ ip- 
orated milk-fed rats growth was immediately stimulated (Chart 
Oo), suggesting that in the ‘hold”’ process of pasteurl on the 
insolubility of he ealeium salts was responsible or the rowth 
I ures, When the bottles In which t he milk Was pasteul 
were earefully washed out with distilled water and tl \\ hings 
INnCcorpe rated in acstareh paste, the animals made better CAINS 
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CnHart 13. Long heat-treated milk made into a paste also produced 
vl wth superior t » that of the long he it-treated milk ilone (jroup 1 

Che washings from the containers in which the milk was pa irized 
whi dded to the pasteurized milk in the form of a paste, produced 
better growth than the pasteurized milk alone (Group 2 
than on the pasteurized milk alone Chart 13, Croup 2). sim- 


larly, our animals fed long heat-treated milk incorporated into 
a paste made normal growth gains (Chart 138, Group 1). In 
both these cases the results can be explained only by the fact that 
the calcium phosphates were held in suspension by the colloidal 
solution and therefore were made available. 

The growth of the animals fed the thickened heat-treated 
milk suggested an explanation for our results with the condensed 
milk. This milk, it will be recalled, is of a thick, semisolid con- 


sistency, and in our experiments it happened that this was fed 
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BIOCHEMICAL STUDIES ON MARINE ORGANISMS, 
II. THE OCCURRENCE OF ZINC. 


By MEYER BODANSKY. 


From the Laboratory of Biological Cher try of the Nc] } We 
/ é 4 yf Texa Galve 
Received for publieation, August 25, 1920 
(uy knowledge concerning the normal occurrence O Ane in 
| } : } Wn —* = "} 
animal tissues has been very limited until quite recently. Ihe 


earlier investigators demonstrated that traces of zine might be 
found in toxicological analyses in the absence of polsoning by 
this metal. Raoult and Breton (1877) reported four analyses of 
human livers in which the zine content varied between 10 and 
76 mg. per kilo. Lechartier and Bellamy (1877) made similar 


analvses, and in addition reported the presence of this metal in 


the muscle and liver of an ox, and in wheat, corn, barley, and 
other grains The researches of Javillier (1908, a) established the 
widespread occurrence of zine in the plant kingdom. 


\lore recently, the investigations of Weitzel (1914), Rost and 


Weitzel (1919), Delezenne (1919), and Rost (1920) have contrib- 
uted toward a fuller appreciation of the significance of this prob 
lem. Birekner (1919) estimated the zine content of a number of 
food products and, because of its constant occurrence in thi 
volk of eggs as well as in cow’s and human milk, he was led to 
infer that the element zine exerts an important nutritive function 

\larine animals are of especial interest in this respect. Brad- 
ley (1904) and Mendel and Bradley 1905) discovered zine to be 
a normal constituent of the liver and the blood of the mollusks 
Sycotypus canaliculatus and Fulgar carica. Various other marine 
animals, including some of the most common mollusks and 
Crustacea of the Long Island coast, were examined for zine, but, 
with the exception of Urosalpinx cinerea, no appreciable amounts 
of the element could be found. Mendel and Bradley expressed 
their belief, however, that other marine forms may contain this 
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element in} their tissues. Phillips 1917 analyzed the mineral 
content of the tissues of certain Tortugas marine organisms and 
found zine in all except the crayfish blood. He postulat d that 
zinc must be considered as a normal constituent in these forms 
since thi possibility of contamination of the sea water was ex- 
eluded. Reeently Hiltner and Wichmann (1919) determined the 
zine content of oysters from various sources and on the basis of 
their results concluded that zine is present universally in oysters 
or, at anv rate, in those grown in Atlantic waters along the coast 


QO} thie | nited States. 





The indications are that zine is a physiological constituent ol 
animal and vegetable tissue and its presence in large quantities 
in some invertebrates may signify that it plays an important 
role in these forms. In view of these considerations, and because 
of the paucity of information on this subject, it was thought 
desirable to investigate the zine content of a fairly large number 
of marine animals, including the higher fishes, and to determine, 


if possible, the distribution of this metal in their tissues. 


EXPERIMENTAL. 


In the determination of zine the filtrates from the copper esti- 
mations, previously reported by Rose and Bodansky 1920 
were used. The zine was precipitated as the sulfide in a solution 
acid with citric acid. The turbidimetrie procedure employed by 
Birckner (1919) was followed. The reagents used in this work 
were carefully tested for zinc. That no contamination resulted 
from the glassware and other apparatus Was asc rtained = by 
making several blank determinations. In no instance was zine 
deteeted. 

The sensitiveness and limitations of the turbidimetric com- 
parison are amply discussed by Birekner (1919). Since a slight 
error in reading turbidities is inherent in the method, and since 
frequently in our work only a small portion of the total volume 
was taken for comparison, there is the possibility ol an error 
being multiplied many times 

In Table I are recorded comparative data for the turbidi- 
metric method and the gravimetric procedure as employed by 


Jamieson (1919) for the estimation of zine in gelatin. The 








results obtained demonstrate the applicability of the method to 


the estimation of such quantities of zine 
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given by Dieulafait, and although there is no obvious contamina- 
tion due to industrial wastes, the writer hesitates to present 
this as being the normal value for sea water. It may, however, 
be taken as the maximum for the water in which these animals 
live. 

It is therefore a striking phenome non that the oyster living In 
a water, not contaminated by industrial wastes, should contain 
in its tissues more than 35,000 times as much zine as is present 
in an equivalent weight of water. Apparently the oyster Is 
capable of absorbing and retaining the zine which it obtains to a 
slight extent perhaps from the water, but mainly from its diet of 
diatoms, Infusoria, minute Crustacea, ete. 

\ dialysis experiment was undertaken to determine the nature 
of the combination of zine with the tissues of the oyster. Finely 
ground oysters weighing 87.5 gm. and containing 21.97 mg. of 





zine were dialyzed through a parchment bag for 96 hours under 
aseptic conditions. The water was changed after the first 26 
hours. 10.87 mg. or 49.5 per cent of the zine were recovered in 
the dialysate. The significance of this result becomes apparent 
when it is contrasted with the findings for copper obtained under 
similar conditions by Rose and Bodansky (1920). In the copper 
experiment 0.5 mg. or 12.2 per cent of the total Cu appeared in 
the dialysate. The zinc may be present far in excess of its com- 
bining power with the proteins of the tissue, or it may exist In 
part in a loosely combined state which is disintegrated during 
dialysis. 

In order to determine the distribution of zine in the oyster, 
525 gm. were introduced into 10 per cent formaldehyde solution for 
24 hours and dissected into four fractions: (a) digestive glands or 
hepatopancreases, (b) mantles, (c) adductor muscles, and (d 3 





other parts including the gills which we have called the ‘resi- 
due.”’ The formaldehyde solution was analyzed separately. This 
experiment was later repeated on 300 gm. of oysters without the 
formaldehyde treatment. The results are summarized in Tables 
III and IV. As will be observed the zine is distributed rather 
evenly in the digestive organ, mantle, and gills. The zine content 
of the muscle is considerably lower than that of the other tissues. 
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Analyses were made of two species of Crustacea, the « 


the shrimp. The meats and hulls of 200 gm. of shrimy 





analyzed separately. The meats weighing 104.5 gm. contained 
1.40 mg. of zinc; the hulls weighing 89.0 gm. contained 1.85 mg 
of zine. In terms of mg. per kilo of tissue, the meat ulls 
had 13.5 and 20.8, respectively. 6.5 gm. of wate ( i 
separating the hulls from the meats. 

Fourteen species of fish including two elasmobran he 
torpedo rav and the sting ray, were analyzed. Zine wa oun 
in all, and the amount varied between 2.5 mg. per kilo in tl 
mullet and 149.1 mg. in the catfish. The catfish holds Lid Ue 


position among thi teleosts examined, in that it 


is entirely out of proportion to that, found in any othe 


In an extensive research, Delezenne (1919) established th 


4 ] 


rence of large quantities of zinc in the venom of snake 


catfishes S7urid@ Possess poison glands opening on the 


e¢ occur’r- 
s. The 


spine of 


the pectoral fin (Parker and Haswell, 1897). In preliminary 


experiments to determine the role, if any, of zine in tl 
the possibility ot the high zine content being In some w 


ciated with the poison glands was not overlooked. 
including the poison glands of two small catfish were 


] 


cut fish 


ISSOH- 


ihe fins 


analy zed 


separately from the remaining tissue. The fins, weighing 14 gm. 


contained only 0.0667 mg. of zinc, or 4.76 per kilo. The remain- 
ing tissue, weighing 125 em., contained 20.67 me. of zine oO 
165.36 mg. per kilo. No information concerning the réle o ne 
in the catfish is adduced from this experiment. 

Whether the presence of comparable quantities of zine is chat 

eT ?) OT! r sp es Ol catfish rem I ) l I l 
\lthough there is the possibility that in this speci 
have a special and yet undetermined function, it is pr ( 
the high zine content is due .o the peculiar feeding habits of th 
animal Investigations have shown that mollusks constitute n 
important article of the food for the eatfish (Kendall, 1910 
Attention should be called to the fa t, whereas the eatfish is 
high in zine. onlv traces o coppel have been dete 1 in the 
individuals thus far examined by Rose and Bodansky (1920 

The constant occurrence of zine in every species al d indi- 
cates that it is a physiological constituent of the tissues of mari 
nimals. With the exception ot the eatfish, th ne s ! 
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between 2.5 and 16.9 mg. per kilo in the teleosts, being con- 
siderably higher than the figures previously reported for copper. 
The presence of zine in these proportions is not limited, however, 
to marine animals, for various articles of food contain comparable 
quantities of this element, and much larger amounts may br 
present in the tissues of terrestrial vertebrates (Rost, 1920 
Mendel and Bradley (1906-07) showed that zine in Sycotypus 
canaliculatus is an essential constituent of the respiratory protein 
; which they named ‘“‘hemosycotypin,” and which is analagous to 
the hemocyanins. In the oyster and the clam zine may possibly 
have a similar function. In other marine animals, however, the 





biological significance of zine is less apparent or entirely obscure. 

The favorable stimulatory influence of minute quantities of 
zine on the growth of A spe rgillus nage r was observed by Raulin 
(1870). Javillier (1907, 1908) confirmed and extended Raulin’s 
work and demonstrated (1912) that in the growth of Sterigma- 





tocystis nigra no other element could replace zinc. Cadmium 
alone produced measurable stimulatory effects, and since this 
element bears many chemical resemblances to zine, Javillier 
justly concludes that the physiological action of zine is specific. 
The specificity and similarity in behavior of Zn and Cd ions on 
the enzymatic activity of yeast have been reported by Kostychey 
and Zubkova (1916). Delezenne (1919) also associates zinc 
with the activity of enzymes. Significant as these results are, no 
generalizations can be made concerning the rédle of zine in the 
tissues of marine vertebrates until more information becomes 


available. 
a SUMMARY. 


1. Zine has been found and quantitatively determined in 
twenty species of marine animals. The constancy of its occur- 
rence indicates that it is a normal constituent of the tissues of 
these forms. 

2. In the oyster zine is distributed rather uniformly in the 
digestive organ, mantle, and gills, but the muscle contains less 
zine than do the other tissues. 

3. On dialysis of finely ground oysters for 96 hours, 49.5 per 
cent of the zinc was recovered in the dialysate. The zine may be 
present in excess of its combining power with the proteins of the 
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tissue, or it may exist in part in a loosely combined state which 


is disintegrated during dialysis. 


In conclusion the writer wishes to express his indebtedness to 
Professor William C. Rose of this Laboratory at whose suggestion 


and under whose guidance this work was done. 
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ESTIMATION OF THE PHENOLIC SUBSTANCES IN 
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In the present paper is presented a review of the literature on 
which is founded our knowledge of the phenolic substances in 
the urine, a survey of the various methods for determining the 
amount of volatile phenols in the urine, and an investigation of 
Folin and Denis’ colorimetric method for the estimation of the 
total phenolic substances (1). 

There is some confusion in the literature as to the meaning con- 
veyed by the word phenol. In the older literature the word was 
used as meaning volatile phenols, but since the appearance of 
Folin and Denis’ method it has been largely used to designate all 
the phenolic substances. These include volatile and non-volatile 
phenols and aromatic oxy-acids. The former are a group of 
compounds characterized by a benzene ring in which one or more 
of the hydrogen atoms have been replaced by a hydroxy! group, 
to which they owe their specific character. The latter, the aro- 
matic oxy-acids, have a carboxyl group in addition to the benzene 
ring and free hydroxyl group. In this paper the term phenol 
will be restricted to the compound having the formula CsH,OH. 
The aromatic oxy-acids usually found in urine are p-oxypheny!l- 
propionic acid (hydro-p-cumaric acid), p-oxyphenylacetic acid, 
and p-oxybenzoic acid; the volatile phenols are p-cresol and 
phenol; and there may be normally present one non-volatile 
phenol, pyrocatechin. All these substances have their origin 
from the amino-acid tyrosine.! 


‘From the chemical standpoint tyrosine might very properly be 
regarded as belonging to the phenolic group of substances, but from the 
metabolic standpoint it is preferable that it should not be included in this 
group. There may also be other compounds in the urine which are pro- 


109 

















pen het wwrstion a od ate, 
PR OS rhe oy OR 


Phenolic Substances in Urine 


p-Oxyphenylpropionic p-Oxyphenylacetie 


Tyrosine. acid, acid, 
OH OH OH 
\ 
CH, CH, CH. 
CHNH, CH, COOH 
COOH COOH 
p-( ‘resol. p-( xybenzoic acid, Phenol. 
OH OH OH 
»~ 
CH COOH 


Pyrocatechin. 
OH 


\ 


OH 
Volatile Phenols. 


Phenol was first discovered in horse, cow, and human urine by 
Stadeler (3) in 1851.2 He identified phenol and a substance 
which he called “‘Taurylsaure’” which was later shown to be 


duced during the metabolism of tyrosine by the body, which could prop- 
erly be included as phenolic compounds. This is certainly the case in the 
abnormal condition of alkaptonuria, in which homogentisie acid is pro- 
duced. These compounds have been regarded by most writers from the 
metabolic standpoint and not considered as phenolic bodies. Folin and 
Denis (2) in a brief review of the literature state ‘Weyl . .. . suc- 
ceeded in showing that putrefactive bacteria . . . . produce large quan- 
tities of phenols from tyrosine,’’ and also in considering the phenolic 
substances in urine they say ‘‘The most important phenol quantitatively 
is in fact paracresol. In addition there is in urine some orthocresol and 
at least two dioxy] benzenes namely pyrocatechin and hydroquinone as well 
as some aromatic oxy acids, particularly paraoxybenzoic acid.”’ 

2 “Ganz besonders uberraschend war aber das Auftreten der Phenyl- 
saure (Carbolsaure) die ich nicht allein im Harn der Herbivoren sondern 
auch in Menschenharn aufgefunden habe.’’ 
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p-cresol. In 1867 Schultzen and Naunyn (4) demonstrated the 
presence of phenol in human urine after giving large doses of 
benzene but were unable to show its presence in normal urine. 
Although Stideler had shown in 1851 that phenol was present in 
normal human urine, the credit: for this discovery has been gen- 
erally given to Landolt (5) who in 1871 proved its presence, using 
a comparatively small quantity of urine. 

The volatile phenols in human urine were shown by Brieger (6) 
to be largely p-cresol and a small amount of phenol. o-Cresol 
was not isolated directly but its presence was inferred from the 
finding of a smali quantity of salicylic acid which is an oxidation 
product of o-cresol. The occurrence of o-cresol in human urine 
is very doubtful as Baumann (7) proved that the above evidence 
was not conclusive. 

Stiideler obtained phenol from urine by distilling with sulfuric 
acid and concluded that it was present in the free state. Buli- 
ginsky (8) found no free volatile phenol on distilling fresh horse 
urine, but obtained a large quantity on distilling after the addi- 
tion of a dilute mineral acid. Hoppe-Seyler (9) confirmed Buli- 
ginsky’s findings and hence it was concluded that there was a 
phenol-forming substance in the urine which liberated the volatile 
phenols on heating with mineral acids. 

Further knowledge of the phenol-forming substance was not 
obtained until 1876. In 1876 Baumann (10) showed that after 
precipitating all the sulfates in the urine a second amount was 
obtained by heating the urine with concentrated HCl. He desig- 
nated these sulfates as ‘paired sulfuric acid” (ethereal sulfates). 
He (11) noted that the urine of patients who had been exposed to 
carbolic acid gave little or no volatile phenols on simple distilla- 
tion but a large quantity was obtained on distilling after the 
addition of HCl. At the same time he found a marked increase 
in the ethereal sulfates and concluded from this that the volatile 
phenols were bound with sulfuric acid. He verified his con- 
clusions by isolating from the urine the potassium salt of the 
phenol sulfuric ester. 

Baumann also investigated the origin of the phenol sulfuric 
ester in the body (11). He obtained from the liver of a dog 
which had been poisoned with carbolic acid nineteen times more 
phenol than in a similar quantity of blood. He also observed 
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that the quantity of sulfates in the liver was not sufficient to have 
united with all the phenol found and concluded that there was a 
second phenol-forming subtance. This was later shown by 
Schmiedeberg (12) to be the ester phenol glucuronic acid. 

The source of the volatile phenols was not known for a long 
time. It was assumed on account of their abundance in the 
urine of herbiverous animals that they arose from plant food. 
Schultzen and Naunyn (4) and later Munk (13) had also demon- 
strated that phenol could be formed in the body by the oxidation 
of benzene. Baumann (14) inferred from the observation that 
volatile phenols were found in the urine of animals which had 
been fed on an exclusive meat diet that they did not have their 
origin from plant food but from protein. He then demonstrated 
the formation of a considerable quantity of phenol in the putre- 
faction of protein with pancreas and also made the interesting 
observation that phenol did not occur in any quantity until 
about the 6th day. He assumed from this that the phenol was 
not formed directly from protein but was a secondary or further 
decomposition product. It was later shown by Baumann and 
Brieger (15) that the volatile phenols formed by the putrefaction 
of protein were largely p-cresol and a smal! quantity of phenol. 
The presence of o-cresol was inferred from the finding of a small 
quantity of salicylic acid. Shortly after this Weyl (16) demon- 
strated the formation of p-cresol and phenol in the direct putre- 
faction of tyrosine. Brieger (17) had already found volatile 
phenols in feces and intestinal contents. 

A further survey of the literature shows very clearly that none 
or only a trace of the volatile phenols is produced by the body, 
outside of the intestinal canal, except in certain diseases such as 
empyema, erysipelas, pyemia, putrid bronchitis, gangrene, etc. 
18, 19). A discussion of this aspect of phenol metabolism will 
not be gone into beyond calling attention to the experiment of 
Baumann (20) in which he gave a fasting dog calomel and found 
that the volatile phenols disappeared from the urine; and also 
to a case, which he records (20), in which the urine of a patient 
who was suffering from an intestinal fistula showed only a trace 
of volatile phenols. In a similar case Ewald (21) found no vola- 
tile phenols in the urine but they appeared again after the fistula 


was closed. 
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The evidence is thus complete that volatile phenols in human 
urine have their origin in the putrefaction of tyrosine in the 


























intestinal canal. They are then absorbed and conjugated in the 
body with sulfuric and glucuronic acid to be exereted in the 


urine as conjugated volatile phenols. 


Non-Volatile Phenols. 


Pyrocatechin.—The only non-volatile phenol that has been 
found in normal human urine is pyrocatechin (brenzeatechin). 
Kbstein and Miiller (22) first demonstrated its presence in the 
urine of a healthy child in 1875. Baumann (23) showed that it 


was a constant constituent of horse urine. He also found a small 





quantity, the amount varying from day to day, in the urine of a 
healthy 12 year boy (23) and from this and other observations 
concluded that pyrocatechin was a frequent, if not a normal, 
constituent of human urine. 

Jaumann and Preusse (24) demonstrated that pyrocatechin 
was formed by the oxidation of phenol, and after giving a dog 
large quantities of phenol found that the pyrocatechin in the urine 
was excreted entirely in the conjugated state. The formation of 
pyrocatechin from phenol is thus seen to be analogous to the 
oxidation of benzene to phenol. It is of interest to note that 
Nencki and Giacosa (25) were able to demonstrate the presence of 
both phenol and pyrocatechin in the urine of a man who was 
receiving daily 6 gm. of benzene. 

Hydroquinone.—Hydroquinone has not been found in normal 
human urine. Nencki and Giacosa were able to show the presence 
of a small quantity in the urine of the above mentioned case. 
Baumann and Preusse (24) obtained over 1 gm. of hydroquinone 4 


in 6 days from the urine of a dog, to which phenol was given, it $ 
being present entirely in the conjugated state. a 


Aromatic Oxy-Acids. 


p-Oxyphenyl propionic Acid.—Baumann observed that in the 
putrefaction of protein phenol did not appear until about the 
6th day and concluded from this that it was not formed directly 
from protein but through intermediate products. At the end of 
2 days in the putrefaction of tvrosine he obtained by ether extrac- 
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tion a substance which he identified as p-oxyphenylpropionic acid 
(26). As an evidence of the amount of p-oxyphenylpropionic 
acid that could be obtained in this manner he isolated 12 gm. of 
the pure acid from 20 gm. of tyrosine (27). He also obtained the 
pure crystals from 0.5 liter of pus from a case of peritonitis (28). 

The fate of p-oxyphenylpropionic acid in the body was investi- 
gated (27). 5 gm. of pure acid were given to a man and the 
urine for the following day was found to contain an increased 
amount of volatile phenols and about 0.8 gm. of the p-oxyphenyl- 
propionic acid. It was thus shown that on feeding p-oxyphenyl- 
propionic acid a large part disappeared in the organism, some 
was excreted unchanged, and a smaller part was excreted as 
volatile phenols. Its presence in normal urine was demonstrated 
by Baumann (28) when he isolated the pure crystals from 240 
liters of urine. 

p-Oxyphenylacetic Acid.—p-Oxyphenylacetic acid was found 
in the putrefactive products of serum albumin by Salkowski (29). 
It was first found in normal urine by Baumann (27) and later he 
isolated from the above mentioned 240 liters of urine 2 gm. of 
the pure acid. As Baumann did not find p-oxyphenylacetic acid 
in demonstrable quantities after feeding p-oxyphenylpropionic 
acid (27) he concluded that it was probably formed directly from 
tyrosine by splitting off CO, and NH;. However, shortly after 
this he showed the putrefactive products of p-oxyphenylpropionic 
acid to be p-oxyphenylacetic acid, p-cresol, and phenol (28) and 
concluded that p-oxyphenylacetic acid could originate from both 
tyrosine and the p-oxyphenylpropionic acid. Weyl (30) demon- 
strated that the putrefaction of p-oxyphenylacetic acid in turn 
produced p-cresol. 

p-Oxybenzoic Acid.—p-Oxybenzoic acid was shown by Bau- 
mann (7) to be formed from p-cresol. A dog was given 1 to 2 
gm. of p-cresol daily, and from the urine pure crystals of p-oxy- 
benzoic acid were obtained. After feeding 12 gm. of p-cresol, 1 
gm. of pure p-oxybenzoic acid was isolated. The administration of 
4 gm. of p-oxybenzoic acid produced a considerable increase in the 
amount of phenol in the urine. The direct production of phenol 
and CQ, in the putrefaction of p-oxybenzoic acid had already been 
shown by Baumann (14). 























F. F. Tisdall 415 








Oxymandelic Acid and Gallic Acid.—There are two other aro- 
matic oxy-acids that should be mentioned, oxymandelic acid and 
gallic acid. Schultzen and Riess (31): first demonstrated the 
presence of the former acid along with leucine and tyrosine in 
the urine of cases of acute yellow atrophy. It has not been 
found in normal urine. Gallic acid is sometimes found in con- 
siderable quantities in horse urine and is assumed to be a constit- 
uent of the food and not produced in the body 32). Its occur- 
rence in human urine is doubtful. 

By the above work it has been proved that p-oxyphenylpro- 
plonic acid originates from tyrosine and in turn forms p-oxy- 
phenylacetic acid; p-oxyphenylacetic acid originates from 
p-phenylpropionic acid or directly from tyrosine and in turn 
produces p-cresol; and p-oxybenzoic acid is an intermediate pro- 
duct in formation of phenol from p-cresol. 

The aromatic oxy-acids differ in two important respects from 
the volatile and non-volatile phenols. The first is that they do 
not produce any toxic effects even in large doses. This has been 
repeatedly shown throughout Baumann’s experiments. The 
second is that they are largely excreted in the free state (28 
while the volatile and non-volatile phenols have been shown to 
occur almost entirely in the conjugated form. 


Methods for Estimating the Volatile Phenols. 


Before 1871 no quantitative estimations of the volatile phenols 
were made. Their presence was demonstrated either by actually 
isolating them or by obtaining a dark violet color with phenol 
and a blue color with p-cresol, on the addition of ferric chloride. 
In 1871 Landolt (5) estimated the volatile phenols gravimetri- 
cally as tribromophenol. The earliest recorded figures by this 
method for the quantity of volatile phenols in human urine are 
those given by Munk (33). He found from 17 to 51 mg. per 
day. 

Koppeschaar (34) in 1876 devised the first titration method 
which consisted in adding to the mixture to be estimated a known 
excess of bromic acid and alkaline bromide which on the addition 
of HCl furnished a definite amount of free bromine. This united 
with phenol to form tribromophenol (or tribromophenolbrom). 
The amount of bromine used was determined by adding potas- 
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sium iodide, the potassium uniting with the remaining free 
bromine and liberating iodine which was titrated with thiosul- 
fate. This method was shown by Kossler and Penny (35) to be 
very inaccurate for the estimation of p-cresol, the bromine taking 
considerable time to unite with the p-cresol and then gradually 
going on to form a tetrabromocresol. On account of this defect 
the method was of little use in estimating the volatile phenols in 
urine 

Messinger and Vortmann (36) in 1889 devised an iodine titra- 
tion method which has remained the basis of all future titration 
methods. The procedure is as follows: An alkaline phenol 
or p-cresol) solution is warmed to about 60° and to it is added a 
known amount of 0.1 N iodine solution. The iodine unites with 
the phenol to form triiodophenol. The solution is then cooled 
acidified with dilute HeSO,, and the excess of iodine titrated with 
0.1 N sodium thiosulfate. 

In 1893 Kossler and Penny (35) using Messinger and Vort- 
mann’s principle of iodine titration devised a method for estimat- 
ing the volatile phenols in urine. As acetone reacts with iodine 
it was necessary to remove it and this was accomplished by 
making the urine slightly alkaline and evaporating to one-fifth 
the original volume. All former investigations had shown that 
the volatile phenols oecurred in the conjugated form so H.SO 
was added and the mixture heated, with repeated additions of 
water, until all the volatile phenols were distilled over. Other 
interfering substances in the distillate, such as ammonia, formic 
acid, and nitrous acid, were removed bv the addition of calcium 
earbonate, and the volatile phenols again distilled. This second 
distillate was made alkaline with 10 per cent NaOH warmed to 
60° and on cooling the excess of iodine was titrated with sodium 
thiosulfate. The amount of volatile phenols found by this 
method in normal human urine was from 70 to 106 mg. per day 

\fter being used for some vears it was found that Kossler and 
Penny’s method gave exceedingly high results with urine from 


- 


diabetics. The reason for this was investigated by Neuberg (37 
who showed that the high results obtained by Kossler and Penny’s 
method were due to the formation of ketone or aldehyde bodies 
formed in heating the urine containing sugar with HoSO,. He 
overcame this difficulty by precipitating the volatile phenols in 
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the first distillate as lead phenolate (and lead cresolate). The 
mixture was then heated and the interfering substances which 
were volatile escaped. Dilute H.SO, was added to the basic 
lead phenolate and the second distillation and titration were 
earried out according to Kossler and Penny’s method. In three 
eases the amounts of volatile phenols found by this method in 
human urine were 32, 35, and 32 mg. per day. 

In 1909 Mooser (38) demonstrated that the distillation of 
urine with H.SO, as carried out in the former methods, while not 
affecting phenol, destroved from 20 to 30 per cent of the p-creso! 
present. He overcame this difficulty by using in place of H»SO, 
an equal amount of 85 per cent phosphoric acid which did not 
destroy the p-cresol. Phosphoric acid also had the added advan- 
tage of not forming any interfering bodies with substances present 
in the urine and this obviated the necessity of precipitating the 
volatile phenols as lead phenolate. Mooser also found that 
during the second distillation with calcium carbonate some of 
both the phenol and p-cresol were lost. He overcame this diffi- 
culty by passing CO. through the solution. With these modifi- 
cations the original Kossler and Penny method was carried out 
and correct values were obtained on known solutions of p-cresol 
and phenol. The amounts of volatfle phenols found by Mooser 
in the urine of normal adults were 53, 39, 48, and 36 mg. per day 

The estimation of the volatile phenols has thus been shown to 
be fraught with difficulties. These difficulties were thought to 
have been overcome by the method as outlined by Mooser but 
the following vear Neuberg and Hildesheimer (39) claimed that 
the distillation of urine, containing glucose or other carbohv- 
drates, with 85 per cent phosphoric acid did form interfering 
substances. Thus the question of the estimation of volatile 
phenols was again in an unsettled state. 

In 1912 Hensel (40) repeated Neuberg and Hildesheimer’s 
experiments of distilling, with phosphoric acid, solutions contain- 
ing glucose and /-arabinose, and obtained no iodine-binding sub- 
stance. An ether extraction method was devised which consisted 
in extracting the volatile phenols from the first distillate by shak- 
ing with ether and then extracting from the ether with NaOH. 
Iodine was added to this solution and the excess titrated. The 
results recorded by Hensel were similar to those found by Mooser 


te ea er eed 


q 






























er ee - 


we 


ee TG 
ae 








418 Phenolic Substances in Urine 




































A colorimetric method was devised in 1898 by Bordas and 
Robin (41), which depended on the conversion of phenol into 
ammonium picrate. The color developed was compared with 
that given by a known amount of phenol. The standard was 
prepared by adding 5 mg. of phenol to 10 cc. of water. To this 
| ec. of a saturated solution of potassium nitrate and 2 cc. of 
concentrated H.SO, were added. The solution was warmed on 
the water bath for 10 minutes, then saturated with NHs, and 
diluted to 200 ce. From 1 to 10 cc. of this were taken and diluted 
to 50 ec., depending on the amount of phenol present in the 
unknown solution. The estimation of the volatile phenols was 
made by distilling the urine with H.SO, until it was half its 
original volume. A measured portion of the distillate was taken 
and treated in the manner outlined for the standard solution. 
The color produced was compared to that produced by the known 
amount of phenol. 

Another colorimetric method is also described by the same 
authors but they do not give any results obtained by either 
method. 


Folin and Denis’ Colorimetric Method. 


a This method is essentially different from the former methods in 
I that it estimates not only the volatile phenols but also the non- 
toxic aromatic oxy-acids and any non-volatile phenols that may 
be present in the urine. Accordingly it is of little value to com- 
pare the results obtained, which are supposed to be a measure of 
the total phenolic substances with the figures recorded in the 
literature for the volatile phenols. 

In 1912 Folin and Denis (42) described their phosphotungstic- 
phosphomolybdie reagent, the addition of which to a solution 
containing phenol in the presence of sodium carbonate: develops 
an intense blue color. What the chemical combination is which 
produces this color has not been explained. ‘The volatile phenols 
are not the only substances which cause the reaction as the blue 
color is also developed by the non-volatile phenols, the aromatic 
oxy-acids, tyrosine, protein, uric acid, and, as more recently shown 
by Folin and Wu (43), cuprous oxide. In the case of the phenolic 
substances the color is apparently due to the free hydroxy! group 
as no color is developed with the conjugated phenolic substances 
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in which this group is united with sulfuric or glucuronic acid. 


On heating with HC] this union is broken down and the liberated 
phenolic substance will, of course, give the characteristic reaction. 

Using this ‘‘phenol reagent’? Folin and Denis devised their 
colorimetric method for the determination of the “total phenolic 
substances in the urine.” The procedure is as follows: 10 ec. of 
urine are placed in a 50 ce. flask, silver lactate and colloidal iron 
are added, and the flask is filled to the mark. By this means 
uric acid and traces of protein which give a blue color with the 
reagent are removed. ‘The contents are filtered, 25 ce. of the 
filtrate transferred to a 50 cc. flask, and sodium chloride is added 
to precipitate the excess of silver. The flask is filled to the mark 
and the contents are again filtered. The free phenols are deter- 
mined by taking 20 cc. of this filtrate in a volumetric flask and 
adding sodium carbonate and the reagent. The blue color 
developed is compared with that given by a standard solution of 
phenol. The total phenols are determined by transferring a 
second 20 cc. of the filtrate to a large test-tube and adding 10 
drops of concentrated HCl. The test-tube is covered with a 
small funnel and the mixture heated to boiling over a free flame 
and then placed in boiling water for 10 minutes. After cooling, 
the filtrate is treated as in the determination of the free phenols 
and the result obtained is a measure of the free plus conjugated 
phenolic substances. With normal adults the values given by 
Folin and Denis* for the free phenolic substances varies from 170 
to 290 mg. per day and the total from 290 to 480 mg. per day.‘ 

During the past year a great number of determinations had 
been made by the Folin and Denis method in this laboratory on 
the urine of infants and children and it was thought desirable to 
investigate the direct production of these substances by various 
bacteria. An obstacle was immediately encountered in the fact 
that tyrosine also reacts with the phenol reagent. In the effort 
to devise a method of separating the phenolic substances from 
tyrosine it was found that p-oxybenzoic acid, p-cresol, and phenol 
could be quantitatively recovered from an aqueous solution by 


3 Folin and Denis (2), pp. 313, 316, 318. 

* Considerable work has been done by Dubin (44) on the elimination of 
phenolic substances in the urine of animals using the Folin and Denis 
method. 














420 Phenolie Substances in Urine 


shaking with two or more times its volume of ether and then 
extracting from the ether with 10 per cent NaOH. The NaOH 
was neutralized and the phenolic substances were estimated by 
the addition of sodium carbonate and the phenol reagent. This 
procedure was then tried out on urine and the results obtained 
(Table I) were so much lower than those by the Folin and Denis 
method that the reason for this was investigated. 

It is primarily necessary to demonstrate that in the determina- 
tions made by the ether extraction method all the phenolic sub- 
stances are quantitatively extracted and not destroved during 
this and the subsequent treatment. 


rABLE I 
Estimation of Phenolic Substances in Urine bu Folin and Denis’ Method a 
by Ethe r Ext actior 


Free phenolic substances Total phenol ibstance 
Case ( bet Reaction Reaction 
 \ oo at Folinand | Ether at Folinand| Ether 
. which ex- Denis’ extraction which ex- Denis’ extraction 
tractions method method tractions | method method 
were made were made 
+ _ _ yp 
pH mg mg H mg mg 
I 775 5.6 210 60 l 388 151 
J. 575 18 168 61 l 250 117 
W 830 5.6 227 82 | 340 167 
H. 730 3.6 23 76 ] 340 145 


Tyrosine and uric acid are insoluble in ether, therefore the 
extractions may be made directly on the urine. The procedure 
is as follows: 5 cc. of urine are shaken for 5 minutes with 100 ce. of 
ether. The urine is separated and two more extractions are made 
using 50 ec. of ether each time. The 200 ec. of ether are shaken 
for 5 minutes with 20 ec. of 10 per cent NaOH, separated, and the 
sodium hydroxide solution is neutralized and made slightly acid 
with concentrated HCl. Sodium carbonate and the phenol 
reagent are then added and the color produced is compared with 
a standard phenol solution. 

All the phenolic substances in the urine are many times more 
soluble in ether than in water and if present in the urine in their 
free state and not combined with other substances would be 
readily extracted by the relatively large amount of ether used. 
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That practically all the free phenolic substances are extracted is 
shown by making a fourth extraction on the 5 ce. of urine and 


after the subsequent shaking with NaOH only a barely perceptible 
color is developed on the addition of the reagent. Anderson (45 
has called attention to the difficulty of completely removing 
p-cresol from ether by extraction with NaOH. That this diffi- 
culty does not exist when working with very small quantities is 
shown by making a second extraction on the 200 cc. of ether with 
10 per cent NaOH and on adding the phenol reagent to it no 
color is produced. 

it is seen that the removal of the phenolic substances trom 
ether depends on converting them into their sodium salts which 


are insoluble in ether; therefore if these substances were present 


in the urine in the form of salts they would not be extracted \ 


survey of the he operties of the phenolic substances soon shows 
that with the degree of acidity at which the extractions were 
made these substances would be present in their free state. At 
pH 6 all the volatile phenols would be free because sodium pheno- 
late is largely hydrolyzed into sodium hydroxide and phenol even 
in a slightly alkaline solution. The question of the oxy-acids, 
however, is a different one as on account of their carboxyl group 
they behave as much stronger acids than phenol. That they are 
completely extracted at pH 6 is shown by the following « xperiment. 


Two equivalents of NaOH were added to p-oxybenzoie acid (Kahlbaum 
The resulting sclution had a pH of 8*. 5 ee. of this solution were brought 
to pH 7.4 and shaken for 5 minutes with 100 ec. of ether, and the ether was 
separated and shaken for 5 minutes with a 20 per cent solution of sodium 
carbonate. On the addition of the phenol reagent no color was obtained 
This procedure was then repeated on a second 5 cc. of the sodium oxyben- 
zoate solution which had been brought to pH 6.4, and on the addition of the 
all 


reagent a marked blue color developed, which accounted for the p-oxy- 


benzoic acid in the solution 


There is also the possibility of actual free phenolic substances 
not being extracted by ether by virtue of some loose chemical 
combination in the urine or a possible adsorption with colloidal 
material. This is very improbable, however, and could not 
possibly account for the great difference obtained by the two 


methods. 
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The phenolic substances are not destroyed by the ether extrac- 
tion and the subsequent steps of this method. This has already 
been shown in aqueous solutions with p-oxybenzoic acid, p-cresol, 
and phenol. If 5 ec. of urine after being used for the extraction 
with ether are treated by Folin and Denis’ method, the amount 
of the so called phenolic substances obtained plus the amount 
obtained by ether extraction is only from 5 to 10 per cent less 
than that obtained on the urine directly. In view of the amount 
of manipulation these results correspond very closely and show 
that the phenolic substances are not destroyed. 

Folin and Denis* explained the high results obtained by thei: 
method as due to the elimination of ‘‘a preliminary (necessarily 
imperfect) separation by [ether] extracgn or distillation as has 
been the case in all the methods hitherto available.’ They con- 
clude that the large amount of free phenol excre’* l after benzene 


has been given is ‘an interesting and probably convincing proof 


that the phenols formed within the body are in fact eliminated as 
free phenols.”” The methods of Kossler and Penny, Neuberg, 
Mooser, etc. require a preliminary evaporation of the faintly 
alkaline urine to one-fifth its original volumeN Folin and Denis 
demonstrated that in an aqueous solution phenol and p-cresol are 
largely destroved by evaporation for 1 hour after the addition of 
1 drop of 10 per cent NaQH. Hence the presumed discrepancy 
between the higher results obtained by Folin and Denis and 
those of the older investigators. 

Kossler and Penny’s method was devised in 1893 and during 
the 42 years previous to this it was demonstrated time and again 
that only a trace of volatile phenols was present in the free state. 
It is of interest to note the results obtained by Munk in 1876 
after giving benzene to an adult and estimating the volatile 
phenols by Landolt’s method. The total urine for the day was 
distilled without acidifying on the sand bath. On the addition of 
bromine water to the distillate only a trace of volatile phenols 
was demonstrated. The total urine was again distilled after the 
addition of H.SO, and on then adding bromine water to the dis- 
tillate 101 mg. of tribromophenol were obtained. On repeating 
this experiment Folin and Denis found by their method that 
“there was an unmistakable increase in the elimination of the 
free as well as the conjugated phenols.” 
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That the volatile phenols (and traces of non-volatile phenols) 
are only excreted in very small quantities in the free state in 





normal human urine is shown by the following experiments. 


oa 














250 ec. of fresh urine were made alkaline (pH 7.4) by the addition « 7 

} 

10 per cent NaOH lhe amount of alkali required in four different speci- a 

mens were 5, 2, 2.7, and 3.6 c rhe urine was placed on the steam batl ? 

and evaporated to 50 ec. which required from 1to1} hours. It is ther % 
made up to its original volume with water and the phe ( ibstances 
were estimated by Folin and Denis’ method he re ts ryt ned were 
invariably found to be the same as before evaporation olin and Denis 
demonstrated that free volatile phenols were largel) 1estl ed | this 











250 ce. of fresh urine were placed in a liter Kjeldahl! flask and gently 
distilled for 4 hours lo a portion of the distillate were added sodiur 






carbonate and the phe nol reagent and the resulting color was read 





colorimeter. The free volatile phenols found in two different 24 hour 





specimens were 2.6 and 1.2mg. To another 250 ec. of urine from one of the 





above specimens were added 2 mg. of phenol and the distillation was car- 






ried out under the same conditions The amount of phenol recovered in i 





the distillate in addition to the amount already found was 1.74 mg. or 87 





per cent The acidity of both urines was greater than pH 6 ‘ 
Duplicate samples of urine were extracted with ether. To one ext! 





} 


were added 20 ec. of 20 per cent sodium carbonate and to the other 20 « 





of 10 per cent NaQH The difference in the amount of color devel ped is 


measure of the free volatile phenols present The result 






s obtained on five 





normal urines from adults (Table II) show that with the exception of 





determination there was only a small amount of free volatile phen 





present. 










If ether contains aromatic oxy-acids, and volatile and non-vola- 
tile phenols, the addition of NaOH removes all these substances, 





but if sodium carbonate is added in place of the NaOH only the 





oxy-acids are removed. It is thereby possible to estimate the 





amount of volatile and non-volatile phenols in urine 





All the urine in the above determinations was preserved with 





a slight amount of chloroform and used immediately on comple- 





tion of the 24 hour period. This is necessary as the free oxy-acids 





are rapidly converted into free p-cresol and phenol if the urine is 





allowed to stand. In this regard it is rather interesting to find, 





in confirmation of Baumann’s work, that at the end of 5 or 6 


days there are no free oxy-acids in the urine and their place is 






largely taken by the volatile phenols. 
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These three experiments prove conclusively that the volatile 
phenols are present in the urine largely in the conjugated form in 


contradiction to the results obtained by the Folin and Denis 


method, 
—_ > ] } ] ] 
It IS Of Interest to estimate the total] uUNnount Of volatiie nhenols 


in the urine by direct ether extraction and compare the results 


obtained with those recorded in the liter ture The ‘‘deeon- 
jugation” was carried out exactly as outlined in Folin and Denis’ 
method The addition of the HCI brought the pH to about 1. 
The extraction may be carried out on the urine directly or on 
Folin and Denis’ second filtrate. The latter procedure is th 
preferable one as the solution does not tend to adhere to the 


sides of the separatory funnel. The results obtained (Table I] 
are seen to h ive almost the identical range as those obtamed by 
Mooser. 

There are two sources of error in these determinations of the 
total volatile phenols. The first error is that some of the p-cresol 
is lost in the heating necessary for the liberation from the sulfurie 


and glucuronic acids. If p-cresol in amounts varying from 0.1 


to 0.5 n gv. 1s added to the solution hye ing heated, if is tour | that 
about 25 per cent is not recovered. When phe nol is added it is 
il] recovered. \s the amount of p-cresol 1 human urine 1S Ove} 


50 per cent of the volatile phenols this error could then be re garded 
as from 10 to 15 per cent, but, as the p-cresol is gradually being 


wberated aGuring the heating, I think it is reasonable to regard 


. : ; : , » : , 
this error as being in the neighborhood of 5 per cent Che second 
7 . , , 14 
error 1s tii any trace of pyrocatechin present in the urine would 
SO fe extracted \s these two errors tend to batane each 
t | 1] { ] } ] , 
0 ( ( resuits ObDTAMINed t regarae ~ CO ! Lt1ve 
, f +] ; ] le 7 i} 
Cel measure { olatile phenols } Y rine 
Lhe amount of aromatic oxy-acids estimated as phe is given 
! 1 rr ] 
I i I] Ches result ir 1! iceco!l | t! nl ing Ol] 
_ , ; 1 1 l 
Aumann mn 1876 In which he demonstrated that the oxy-acids 
were targel excreted in the free state [t must be remembered, 
. ‘ , , ‘ | ; 
howe l hat the tual mount of oO lis Is much greatel 


than the se figures as if requires apout 5 meg. of p-oxybenz Lf acid 
! . 1 fc ] 
to produce the same amount of color as 1 mg. of phenol. 


What the interferin 


not peen determine | Son are liberated 


substances are which react with the 











these 





ring and A free hvdroxv! TTOUD, hut this group is not 


by the 


heating witl 


may in part be conjugated. 
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the benzene nucleus 


phenol 


] 


eagent aoes 
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1 concentrated HCl and 


Indoxy]l, 


Besides Folin and 


not react with indole or its d 


conic acid, which Is an oxidation product of 

itself, as Munk 13) found on gn ing benzen 

free volatile phenols while Folin and Denis 

increase Muconie acid, however, is soluble 3 
‘Dane 


in uring 


Some of the properties of the interfering substan 
determined. If fresh urine is distilled for some | 
phoric or sulfurte acid until all the atile phe 
driven off, the distillate contains a compound wl 
only with the phenol reagent but also with Folin and 

1G) uri id reagent and Folin and Wu’s (47) new 
, oe _ ia 

reagent hese substances distill Over 1m large 

' - : 1 
ticularly if the fluid in the distilling flask is allowe 
concentrated \lso, if urie acid ai races Of protein 
, nm) orn 1 +] 14 s | ty i} mnean 
Trom urine and the hitrate ri ( Ith concen 

1] “3 , 
addition of the urie aeid an sugar reagents prod 
S14 rable Colo! The reaction wi | the suga re 
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Wu state that the blood sugar reagent does not react with “ phe- 
nols.”” The color produced by the uric acid reagent might be 
accounted for by pyrocatechin, as this reagent reacts with the 
polyphenols 


SUMMARY. 


1. The results obtained for the total phenolic substances in 
urine by an ether extraction method outlined in this paper are at 
least 50 per cent lower than those recorded by Folin and Denis 

2. Only a small fraction of the volatile phenols are excreted in 
the urine in the free state 

3. The amount of volatile phenols found by the method 
described in this paper corresponds very closely with the values 
obtained by the methods of Mooser and Hensel. 

!. There are substances in the urine, at present unidentified, 
which react with the phenol, uric acid, and blood sugar reagents 
devised by Folin and his collaborators. These compounds are 
partly present in the free state and partly formed by the action 
of strong mineral acids on the urine. Whether they are simple 
conjugated bodies or chemical compounds formed by the action 
of strong mineral acids on some constituent of the urine has not 
been determined. 

5. It is suggested that these compounds may be responsible for 
the high values obtained for the phenolic substances in urine by 
the method of Folin and Denis. 


Adder ” After the completion of this manuscript there appeared 
paper on the colorimetric estimation of tvrosine by the method of Folir 
and Denis (4S In investigating Folin and Denis’ phenol reagent, the 
authors found that tryptophane also produced an intense blue color witl 
the reagent Indole and indole derivatives, contrary to the state 
Folin and Denis, reacted strongly with the reagent to produce the blue 
color. They found considerable evidence that tyrosine and tryptophane 
were not the only protein constituents which produced blue colors with 
the reagent and also that ferrous iron and apparently nv other eas 


} 


xidizable material caused the reaction. 
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COMPOSITION OF INOSITE PHOSPHORIC ACID OF 
PLANTS. 


SEVENTEENTH PAPER ON PHYTIN 


By R. J. ANDERSON 


INTRODUCTION, 


A number of investigators have isolated and studied inosite 
phosphoric acid compounds derived from seeds and various 
feeding material.’ Unfortunately there is no agreement among 
these investigators as to the composition of the phytie acid or 
inosite phosphoric acid, nearly every worker in this field having 
found one or more substances which differ In COMposition Trom 
those analyzed hy others. 

Posternak? who first carefully studied this substance coneluded 
from his data of the analy ses of crystalline double caleium-sodium 
salts that phytin was a salt of an acid having the formula 
C.HsOoP.. On theoretical grounds Neuberg® suggested that this 
formula should be multiplied by 3; v7z., CeHeyQe7Ps. On equally 
theoretical grounds it Was assumed by Suzuki and collaborators 
that the acid was a hexaphosphoric acid ester of inosite, 
C,H, sO iPe. Starkenstein Vorbrodt.* and others elaborated 


more comple x formulas for the acid. Patten and Hart’ and Hart 


lor review of the literature see Rose, A. R., Biochem. B 1912-15 
21 (Anderson, R. J., Thesis, Cornell University, 1919 
Posternak, S., Compt. rend. Acad., 1903, exxxvii, 202, 337, 439 
Neuberg, C., Biochem. Z., 1908, ix, 557 
‘Suzuki, U., Yoshimura, K., and Takaishi, M Bull. Tokyo 1) 


l'niv. College Agric., 1907, vii, 503 
Starkenstein, | Biochem. Z., 1911, xxx, 56 
Vorbrodt, W., Bull. de !’ Acad. se. Craco Nerves A, 1910, 414 
Patten, A. J nd Hart, E 


B., Am. Chem. J., 1904, xxxi, 564 
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identical with the phytin of Posternak. 

In earher papers trom this laboratory’ it was assumed that the 
phytic acid formula according to Posternak and Neuberg was 
correct and the analytical data from amorphous phytin prepara- 


tions were in close agreement with this formula. But in isolat- 


} 


ing the organic phosphoric acid of cotton-seed meal!” we were 
able to obtain crystalline barium salts which corresponded closely 
in composition to salts of inosite hexaphosphoric acid [Identical 
crystalline salts were later obtained from oats, corn, comm reial 
phytin,'’ wheat bran,” and more recently from maple seed 


These barium salts had been very carefully purified by repe: 


reervstallization until the composition remained constant ‘Two 
types of barium salts were obtained corresponding to the follow- 
ing formulas, CgHy»OQoPsBag and (CsH),00,Ps)oBa;. The first or 


tribarium inosite hexaphosphate ervstallizes slowly in rosettes of 
microscopic needles after addition of alcohol to a solution of the 
barium salt in dilute hydrochloric acid. The second salt, which 
may be regarded either as a heptabarium inosite hexaphosphate 
or as a mixture of equal parts of tri- and tetrabarium inosite 
hexaphosphate, is obtained on heating a solution of the barium 
salt in dilute hydrochloric acid in the presence of an excess of 
barium chloride or it separates slowly as a hes V\ powder or 
crystalline crust when a dilute hydrochloric ac id solution of the 
barium salt containing a large excess of barium chloride is allowed 
to stand at room temperature. 

Thompson! obtained similar crystalline barium salts from the 


inosite phosphoric acid of rice bran and Robinson and Mueller 


> Hart, E. B., and Tottingham, W. | Il. Biol. Chem., 1909, vi, 431 
Anderson, R. J., J. Biol. Chem., 1912, x 171; xii, 97; Ne } 
1g Exp. Station, Tech. Bull. 19, 21, 1912 
Anderson, R. J., J. Biol. Chem., 1912-13, xiii, 311; 1914, xvii, 141 
Vew Yo 1q Exp. Station, Tech. Bull. 32, 1914 
Anderson, R. J., J. Biol. Cher 1914, xvii, 151, 165, 171; Ne } 
1q Erp. Station, Tech. Bull. 32, 1914 
Anderson, R. J., J. Biol. Che 1915, xx, 4938; New York Agric. Ex7 


Anderson, R. J., J. Biol. Chen 1920, xliii, 469; Ne York Agric 


k p station, 7" ; B iy ® 1920 


‘Thompson, A. R., J. Agric. Research, 1914-15, iii, 425 
§ Robinson, C. J., and Mueller, J. H., Bioeh 























R. J. Anderson 13] 






































from wheat bran. Clarke'® and Boutwell!’ using similar methods 


isolated substances from wild Indian mustard and wheat bran 
which differed considerably in composition from salts of imosite 
hexaphosphoric acid. Rather'® has expressed the opimion that 
the preparations which he had isolated were not salts of inosite 
hexaphosphoric acid but of acids represented by various formulas 
such as CyH,-OpPs, CeHy7PsO17, CaHisP3:013, but later he believed 


; 


that the composition was best represented by the formula 
CoH gy OwP In a more recent publication'’ it is stated by him 
that the composition of the inosite phosphoric acid of plants is 
equally well expressed either by the formula CyHgOeP» or 
the formula of inosite pentaphosphoric acid, CsH,;OuP 

[It is possible that substances having the composition described 
by Rather*may be isolated from plant material. We believe 
however, when inosite penta-, tetra-, or other lower inosite phos 
phorie acids are found that they have been formed through partial 
hydrolysis of the inosite hexaphosphoric acid. Such partial 
hydrolysis may occur either in the plant material itself during 
storage as found by Rather in cotton-seed meal and by the 
writer’ in maple seed or else it may occur during the process of 
isolating the substance through enzymotic action when the 
material is digested in water as shown by Suzuki, Yoshimura 
and Takaishi,* by the writer,?! and by Boutwell'’ on digestion i 


ao — 
very dilute acids 


Moreover, the analytical data presented b\ Rather do not 
prove conclusively that the composition of the inosite phosphori 
wid of plants corresponds to inosite pentaphosphori acid It 
was suggested by the writer some years ago that the strychnine 


salts’ are not suitable for the identification of inosite phosphori 


acid because the great basicity of the acid gives salts of very hig! 
(‘| rKé (, J. Chen SO 1914, ey 535: LOLS *\ Ot 
bye itwell |? \\ J 1m (Them. Nov 1917 XXX1TX 107 
’ Rather, J. B., Texas Agric. Exp. St B 16, 191 1. A 
(‘hen Sor 1913. xxxv. SOO 


, Rather J B B 1m. Chem. Sor 1018 «| 023 


Rather, J. B.,. J. Am. Chem. Soc., 1917, xxxix, 777 


Anderson, R : Biol. Chem., 1915, xx, 483: Ne ) lor } Pp 
lation, Tech. Bull. 40, 1915 

Anderson, R. J., J. Biol. Chem., 1915, xx, 463; New } Ex 
Tech. Bull. 40, 1915 
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molecular weight. Slight differences in composition of the acid, 
therefore, cannot be determined by analysis of such salts for 
the reason that analytical errors may be greater than the differ- 
ence in calculated percentage composition. This is illustrated in 
Table 1. In the second column is given the average of the sixteen 
strychnine salts analyzed by Rather; in the third column the 
calculated composition of tetrastrychnine inosite pentaphosphate; 
and in the fourth column the calculated percentage of a mixture 
assumed to consist of two parts of pentastrychnine inosite hexa- 
a phosphate and one part of tetrastrychnine inosite hexaphosphate. 

It is self-evident that such slight differences in percentage 
composition as exist between the above formulas cannot be 
determined accurately by analysis. Having due regard to the 


rABLE I 


( om parative Composition of Strychnine Salts. 


Calculated for 


Average of sixteer Pa nee van’ ‘ Calculated for 
analyses reported by 2 et wen egy . 2(CeHisOuPe( Co: Ho2 NoOe)s 
Rathe NOT +-CeHisOuPs(C21 Hee N20e2)s 


CeH:-OnPs( Cn Hee N2O2)4 


( 09.99 56.36 9. 25 
H 5.76 5.48 5.43 
; N ) 16 5 S4 5 SS 
P 8.45 8.08 8.38 


limit of error in analytical work we do not believe that the data 
of the above author present any definite proof that inosite penta- 
phosphoric acid exists in plants. 

Posternak® has recently called attention to his earlier work 
and again he describes the crystalline double calcium-sodium 
salt which he analyzed several years ago. At the present time 
this author accepts the phytic acid formuia proposed by Neu- 
berg; viz., CgsHe,Q007Ps. This formula differs from that of inosite 
hexaphosphoric acid by containing 3 molecules more of H,O, 
CgHis00P. + 3HO CyHo,QOo7Ps. In what manner these 3 
molecules of water are combined in the acid is not explained. 
The above author not only believes that the phytic acid existing 
in plant material has this formula but he claims to have syn- 


> Posternak, 8., Compl. rend. Acad., 1919, elxviii, 1216; elxix, 37 
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thesized an identical acid** by heating a mixture of inosite, phos- 
phoric acid, and phosporus pentoxide. 

On repeating these experiments on the synthesis of phytic 
acid, the writer® was unable to confirm the conclusion of Pos- 
ternak that inosite hexaphosphoric acid or phytic acid was 
formed. The only product which he could isolate from the reac- 
tion mixture corresponded to the formula CgH.2Oi6Ps, which is 
evidently an inosite ester of pyrophosphoric acid. This new acid 
contains very nearly the same percentage of phosphorus as 
phytie acid but in properties and reactions it differs from this 
substance in several particulars. 

In view of the disparity in the results of the several investiga- 
tors, Patten and Hart, Clarke, Boutwell, Rather, Robinson and 
Mueller, and the writer, as to the composition of the phytic acid 
of wheat bran this substance has been reinvestigated. 

It was noticed in this laboratory when wheat bran is digested 
in about 0.2 per cent hydrochloric acid that compounds differing 
in composition from inosite hexaphosphoric acid are obtained.” 
From this mixture of organic phosphoric acids we were able to 
identify two, inosite monophosphoric acid*’ and inosite triphos- 
phoric acid. It was found later, however, on digesting wheat 
bran in 0.5 or 1.0 per cent hydrochloric acid that salts of inosite 
hexaphosphoric acid” were obtained and it was also found that 
the stronger acid destroyed the enzyme, phytase, which hydro- 
lyzed the inosite hexaphosphoric acid when the bran was digested 
in 0.2 per cent hydrochloric acid. 

In the present investigation it was found that the crystalline 
barium salts corresponded very closely in composition to those 
previously obtained from this material. The work fully confirms 
not only our earlier results with respect to the composition of the 
phytic acid of wheat bran, but the results are also in agreement 
with the preparations isolated from cotton-seed meal, commercial 


*4 Posternak, S., Compt. rend. Acad., 1919, elxix, 138. 
*6 Anderson, R. J., J. Biol. Chem., 1920, xliii, 117; New York Agric. Exp. 
Station, Tech. Bull. 79, 1920. 
26 Anderson, R. J., J. Biol. Chem., 1912, xii, 447; 1914, xviii, 425; 
New York Agric. Exp. Station, Tech. Bull. 22, 1912; Bull. 36, 1914. 
Anderson, R. J., J. Biol. Chem., 1914, xviii, 441; New York Agric. Exp. 
Station, Tech. Bull. 36, 1914. 
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phytin, oats, corn, and maple seed which have been reported 
from this laboratory. 

The relation of carbon to phosphorus in all these carefull) 
purified and many times recrystallized barium salts is in the 
ratio of 6:6. The percentage of phosphorus is slightly highe1 


and the percentage of carbon is slightly lower than is required 





by the phytic acid formula of Posternak. We have been forced 
to the conclusion, therefore, that the assumption of suzuki, 
Yoshimura, and Takaishi that phytic acid is inosite hexaphos- 


phoric acid, CeH)sQO4P., is correct. 


EX PERIMENTAL, 


? 
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| hi usual procedure of isolating the substance from the wheat ; 
bran was slightly modified. The following method, which was t 
found to be the most satisfactory, is here briefly described. ‘The : 
wheat bran, 3 kilos, was digested in 12 liters of 2 per cent hydro- 


chloric acid for 5 hours with frequent stirring. It was then 
strained through cheese-cloth and the extract was freed from 
suspended starch, ete., by centrifuging and finally by filtering 
through a layer of paper pulp. ‘To the clear filtrate was added 
sufficient sodium acetate to bind the free hydrochloric acid. 
The phosphorus compounds were then precipitated hy adding 
concentrated solution of barium chloride until no furthe: pre- 
cipitate was produced. After settling, the supernatant liquid 
was syphoned off and the barium salt was freed from the mothe 
liquor by centrifuging and then filtering and washing with water 
on a Buchner funnel. 

The washed precipitate was suspended in water and the barium 
was removed by adding a slight excess of sulfuric acid. After 
the barium sulfate had settled, it was filtered off and the clean 
filtrate was precipitated by adding a solution of copper acetate 
The resulting copper salt was filtered and washed free from sul- 
fates with water; then it was suspended in water and decom- 
posed with hydrogen sulfide. The copper sulfide was removed 
and the filtrate was freed from excess of hydrogen sulfide with a 
current of air and then precipitated by adding a solution of 
The barium salt was filtered and washed 


barium hydroxide 
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thoroughly with water. It was dissolved in dilute hydrochloric 
acid, filtered, and reprecipitated with barium hydroxide. Afte1 
precipitating in this manner seven times with barium hydroxide, 
the substance was precipitated four times with alcohol from 


dilute hydrochloric acid. It was finally filtered and washed free 





from chlorides with dilute aleohol, and alcohol and ether, and 
dried in vacuum over sulfuric acid. The substance was a snow- 
white, bulky, crystalline powder and it gave no reaction with 
ammonium molybdate, indicating absence of inorganic phos- 
phate. It weighed 95 gm. Bases other than barium were absent 

For the purpose of removing any oxalic acid which might have 
been retained, the substance was dissolved in dilute hydrochloric 
icid and to it was added a concentrated solution of 20 gm. of 
barium chloride. After standing over night the slight precipi- 
j tate which had formed was filtered off and the filtrate precipitated 
by adding an equal volume of 95 per cent alcohol. The sub- 
stance was filtered and washed in dilute alcohol until free from 
chlorides and then washed in alcohol and ether and dried in 
vacuum over sulfuric acid. 


The substance was further crystallized as follows: It was dis- 





solved in dilute hydrochloric acid and the free acid nearly neu- 
tralized by adding with constant shaking a dilute solution of 
barium hydroxide until a faint permanent cloudiness remained. 
The solution was filtered and aleohol was added slowly with shak- 
ing until a slight permanent precipitate was produced. The 
solution was again filtered, a few grams of barium chloride were 
added, and the whole was allowed to stand at room temperature 
for 24 hours. The barium sal: separated slowly as a compact 
mass consisting of rosettes or globular masses of microscopic 
needles. The substance was recrystallized in this manner thre 
times. The crystalline precipitate was finally washed in dilute 
aleohol until free from chlorides and then in absolute alcohol and 
ether. For analysis portions of this material were further recrys- 


tallized as follows. 
/ eparattor of Heptabar Men Inos he Hexaphosphate. 


10 gm. of the above substance were dissolved in dilute hydro- 
chloric acid, the free acid was nearly neutralized with a dilute 


solution of barium hydroxide, and the solution filtered. To this 
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were added 10 gm. of barium chloride and the solution was 
allowed to stand at room temperature for 2 days. The substance 
separated slowly as a heavy compact crystalline crust which 
consisted of small rosettes of microscopic needle-shaped crystals. 
It was recrystallized a second time in the same way and was 
then filtered, washed with water until free from chlorides, and 
finally washed in alcohol and ether and dried in the air. 

lor analysis the substance was dried at 105° in vacuum over 
phosphorus pentoxide. It lost on drying 10.91 per cent of H.O. 


Found: C = 6.25; H 1.16; P = 16.32; Ba 42.55 per cent. 
A-second preparation recrystallized as above gave the following 
result. 


Found: C = 6.42; H = 1.22; P 16.34; Ba 42.55; HO = 9.71 p 
cent. 

Calculated for (C.H;,0O2,Ps)2 Ba; + 14 H.0: C 6.35; H 0.97; P 
16.40; Ba = 42.39; H.O 10.00 per cent. 


Preparation of Tribarium Tnostte Hexaphosphate. 


10 gm. of the purified barium salt, were dissolved in dilute 
hydrochloric acid and the filtered solution was precipitated by 
adding an equal volume of 95 per cent alcohol. The amorphous 
precipitate after standing for about 24 hours in contact with the 
mother liquor assumes a crystalline form which appears to be 
identical with that described above; 2.e., it consists of very 
minute rosettes of microscopic needles. It was then filtered and 
washed with 30, 50, and 95 per cent alcohol until free from chlo- 
rides and after displacing the alcohol with ether the substance 
was dried in vacuum over sulfuric acid. The product was recrys- 
tallized three times in this manner. It was obtained as a snow- 
white, bulky, crystalline powder which gave no reactions for 
either chlorides or inorganic phosphate. 

For analysis it was dried in vacuum at 105° over phosphorus 
pentoxide. 


Found: C 6.73; H = 1.69; P 16.93; Ba 38.60 per cent. 
C = 6.79; H = 1.30; P 17.10; Ba nee UFC 
Calculated for CsH~20.4PsBaz: C 6.75; H 1.12; ? 17.44; Ba = 


38.65 per cent. 
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Preparation of the Salver Salt. 


3 gm. of the recrystallized heptabarium salt were suspended in 
water and the barium was precipitated with a slight excess of 
sulfuric acid. After the barium sulfate had been filtered off 
the solution was precipitated with copper acetate. The coppe1 
salt was filtered, washed, suspended in water, and decomposed 
with hydrogen sulfide. After the eqpper sulfide was filtered off 
and the excess of hydrogen sulfide was removed with a current 
of air a colorless solution of the free acid was obtained. 10 
ec. of this filtrate were titrated with 0.1 ~ NaOH and the caleu- 
lated quantity of ammonia was added to the balance of the 
solution. This produced a slightly alkaline reaction. Silver 
nitrate was added in slight excess. The heavy white precipitate 
of the silver salt was filtered and washed thoroughly in water 
and then dried in vacuum over sulfuric acid. ‘The silver salt was 
a nearly white, heavy, amorphous powder. 

It was analyzed after drying at 105° in vacuum over phos- 
phorus pentoxide. It turned quite dark in color on drying. 


Found: C = 3.82; H 0.49; P = 9.56; Ag = 66.08 per cent 
P = 9.57; Ag 66.18 


Calculated f 


66.64 per cent 


rr CsH.O2;P;Agiw: C 3.70; H 0.30; P 9.57; Ag 


Another silver salt was prepared in the same way as above 
except that it was made from a phytie acid preparation which 
had been purified as a crystalline strychnine salt. 


Found: C 3.90; H 0.54; P 9.48; Ag 66.56 per cent. 


These preparations are apparently neutral silver salts of inosite 
hexaphosphoric acid. All other silver salts which have been 
prepared and analyzed have been acid salts. It was hoped that 
a neutral ester of inosite hexaphosphorie acid might be obtained 
by the action of methyl iodide upon the neutral silver salt. How- 
ever, all attempts to prepare such an ester were unsuccessful and 
only strongly acid syrups were obtained. 
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SUMMARY. 


Data obtained from the analvses of carefully purified and 
recrystallized barium salts of the organic phosphorus compound 
of wheat bran are in close agreemen* with the calculated com- 
position of barium salts of inosite hexaphosphoric acid. 

Silver salts were prepared from the acid and these were found 
to agree with the formula CeHel osPpAgy ‘ 

The composition of phytic acid of plants as determined from 


the analyses of saits of this acid corresponds to inosite hexaphos- 
phoric acid, CgHysQxP; or Cel eOg( POCOH 
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XVI. THE INFLUENCE OF BRAIN TISSUE, FREED FROM CHOLES- 
TEROL, UPON THE GROWTH OF THE WHITE MOUSE. 





By T. BRAILSFORD ROBERTSON anp L. A. RAY. 


I dD P} / md | he | 
g { he Di I 
Us f To i] r 
teceived for publication, August 8, 1920 


’ r 4] ) ] 
Statement of the } robli m. 


There are many observations, hitherto isolated, which, when 


Didode ea | nd 


taken together, point towards the nervous system as the source of 
some very decisive stimulant of the growth of parenchymatous h 
tissues. ; 

Thus Child has shown that in planarians the metabolic gradient a 


ascends as we approach the nervous centers (1). Loeb has 





shown that pieces of marine Planaria which contain nervous 
tissue regenerate more rapidly than those which do not (2 
Morgan has shown that excision of an adjacent piece of the nerve 
cord in earthworms delays or prevents regeneration (3). The 
regeneration of the eye In crustaceans is similarly dependent 
upon the integrity of the Optic ganghon (4 

On the other hand Friedenthal has drawn attention to a remark- 
able relationship which subsists between the ratio of brain weight 
to weight of living tissue cephalization factor) and the longevity 
of any species of a given natural order (5). The weight of living 
tissues, exclusive of supporting tissues, is estimated to be pro- 
portional to the two-thirds exponent of the body weight (6). 
This relationship is illustrated by the data in Table I cited after 
Friedenthal.' 


1 The life duration of the mouse, computed from our own observations, 


has been added to the table. The estimate of human life duration is 





somewhat reduced. 
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Now we have shown (7,8) that substances and conditions which 
promote longevity in mice also exert an influence upon their 
growth, an influence which is of such a character as to denote 
stimulation of the growth of parenchymatous tissues to the 
detriment of the growth of competing (sclerous) tissues. If, 
therefore, the possession of a high cephalization factor conduces 
to the longevity of animals we should also expect it to affect the 
contour of the growth curve, and the growth curve of animals to 


\ hich substances have been administered which accelerate the 


rABLE |] 
, Maxima e duratior 
;, Sagnanee Hanse mann) 
Mammals 
Man 2.67 to 2.8] 80 to 130 
Elephant > ae oo * 100 
Horse 0.43 “ 0.57 15 
Dog 0.34 * 0.5] 12 to 2O 
Cat 0.29 “* 0.34 20 
Ox O35 * 0.4 ) 
Squirre! Soe (} 
Mouse 0 04 
Birds 
Carrion erow 0 16S 100 (? 
Parrots 0 147 to 0.177 100 (? 
Alpine crow 0114 50 
Finch 1) OND Ss 
Pheasant 0 0343 15 
Fow!] Q OQ249 10 to 2O 


growth of parenchyma should display departures from the normal 
curve approximating towards the growth curve of animals which 
possess a higher cephalization factor. 

Our quantitative data concerning the growth of animals are, 
unfortunately, so scanty that we possess but few standards of 
comparison. We are in a position, however, to compare the 
growth of an animal having a very low cephalization factor, 
namely the mouse, with that of human beings, possessing a very 
high cephalization faetor. Such a comparison is graphically 


displayed in Figs. | and 2. 
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The data for the growth of human beings are derived from the 
measurements of Quetelet (9). More extensive measurements of 
human growth for restricted growth periods are available, but 
the measurements of Quetelet cover the whole period of growth, 
and in every feature which is at all essential to our comparison 
the curve of human growth, as depicted by Quetelet, has been 
confirmed by subsequent observations. The data for the growth 
of mice are taken from those for our ‘1914 normals,’’ which have 
been published in a previous article of this series (10). The 
scales of weight and time are so chosen that the two curves reach 
the same level at approximately their maximum ordinates. 

Kach of the complete growth curves shows three waves or 
cycles of alternately rapid and slow growth (11). The position 
of these cycles is indicated in the figures by Roman numerals. 

These comparisons at once reveal the fact that the human 
growth curve differs from the growth curve of the mouse in the 
relatively enormous prolongation of the second growth cycle and 
the great delay in the development of the third cycle. This 
period of delay is succeeded by a period of very rapid growth 
which culminates quickly in the maximum weight of maturity. 
The curve then declines very slowly towards senescence. The 
growth curve for the mouse, on the contrary, shows an abbre- 
viated second cycle merging with hardly any pause or slackening 
of growth into the third cycle, which, however, does not quickly 
attain a maximum, but continues to display accretion of weight, 
until a relatively advanced age is attained. Thus a human being 
at 30 years of age has probably only lived for half his normal 
life duration (epidemics and accidents apart), while the mouse at 
84 weeks of age has lived over four-fifths of its life. Nevertheless 
the human being has long since ceased to gain weight and the 
mouse is still growing, a phenomenon which is of significance in 
view of the fact that late accretion of weight in mice has been 
shown to be unfavorable to their longevity (8). ' 

A comparison with the curve of growth for mice which have 
received 4 mg. of tethelin per day, which prolongs the duration 
of their life from 80 to 100 days, shows that the departures from 
the normal growth curves which are displaved in the growth 
of tethelin-fed mice are such as to bring the mouse curve into 
somewhat closer approximation to the human (Fig. 1). The 
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same prolongation of the second cycle is seen, in lesser degree, 
and delay in the onset of the third cycle, succeeded by a measure 
of compensatory acceleration. Furthermore the later part of the 
curve remains parallel to the base line or descends, as in the 
human curve, indicating a diminished late accretion of tissue. 
The growth curve of mice which have received 40 mg. of cho- 
lesterol per day (Fig. 2) resembles in general outline the growth 





curve of mice which have received 4 mg. of tethelin per day. 
The prolongation of life which might otherwise be displayed by 
aN, these animals is, however, prevented by the secondary deleterious 
effects of the extensive deposits of cholesterol which are formed 
in various organs of animals receiving excessive amounts of 
cholesterol by mouth (12). 

The facts which are brought out by this comparison are there- 
fore in harmony with the view that the nervous system exerts an 
influence upon the growth of the other tissues of the body which 





is analogous in kind to that exerted by administrations of tethelin 
or cholesterol, but more intense in degree. 

Two possible alternatives now present themselves; namely, 
a) that the nervous system promotes the anabolism of paren- 
chyma by the conduction of stimuli to it—-the so ealled ‘trophic 

influence”’ of nerves, and (b) that the nervous system promotes 
the anabolism of parenchyma by the elaboration of a catalyze 
which is liberated from the nervous tissues and officiates as a 
growth hormone. 

It is exceedingly difficult with the information at present in 
our possession to distinguish between these two possibilities, 
The difficult, becomes apparent when we consider that the devel- 
opment of the catalyzer by the nervous tissues may be a by- 
produce! of, and therefore dependent upon, their activity as con- 
ducting tissues. It would be surprising if, in tissues so highly 
specialized for the purposes of conduction, an interruption ol 
this fiinetion did not disturb or eventually transform their meta- 
bolic activities, and, indeed, the fact that the metabolic activities 
of nervous tissues are dependent upon their conducting function 
is shown by the phenomenon of secondary Wallerian degeneration. 

On the other hand, the phenomena of dystrophy, following 
upon nerve section, would appear to militate against the chem- 


ical view of the trophic function of the nervous system, since a 
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hormone liberated from nervous centers elsewhere might be 
expected, from the analogies provided by other hormones, to 
reach the tissues through the medium of the circulation and 
independently of their immediate nervous connections. Phe 
question is not settled by this simple consideration however, for 
two possibilities still exist; namely, (1) that the basic generalized 
supply of hormone liberated by the nervous system is insufficient 
for the total needs of the tissues and must be supple mented by a 
local supply, and (2) that the hormone does not travel in the 


| } 


iqueous fluids of the body, but in the nerve trunks themselves 


13), in this respect behaving analogously to tetanus toxin 
which travels, however, centripetally from a peripheral soures 
of supply (14), instead of centrifugally from a central source of 
supply as this hypothetical hormone would do. Needless to say 
these possibilities are not mutually exclusive and both of them 
may be true, and it may also be true that a succession of nervous 
impulses is required to maintain the normal nutrition of tissues 
which, by specialization, have become dependent upon conduct- 
ing tissues. 

It is impossible to disentangle these various alternatives 
any method other than that of direct expt riment in which the 
several factors which we have enumerated are dissociated W hil 
we cannot at present dissociate the stream of impulses impinging 
on a tissue from the metabolic activities of the nerve tissues 
which conduct them, we can administer to animals or to indi- 
vidual tissues the chemical components of nervous tissue in 
excess without modification of their nerve supply The absorp- 
tion of such substances from the alimentary tract presents ni 
greater difficulty than the absorption of strychnine, which 
shortly after administration by mouth, is found to be confined t 
the nervous tissues of the animal to which it has been admin- 
istered, or than the absorption of cholesterol, so large a component 
of nervous tissues which is insoluble in water, but is nervertheless 
absorbed preformed (15) and carried to the nervous tissues in a 
condition of emulsification. 

The effect of cholesterol itself upon the growth of animals is 
known (16, 17). As we have seen, the effect of 40 mg. of cho- 
lesterol daily is comparable to the effect of 4 mg. of tethelin and 


the effect of this, in turn, is far inferior to the influence of a hig! 
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cephalization factor upon the time relations of growth in animals. 
Obviously, therefore, if a catalyzer of growth is manufactured by 
nervous tissues it cannot be cholesterol itself, but some other 
substance far more potent in its effects than cholesterol. 

The presence of cholesterol in brain tissue would in any case 
lead to alterations of the normal time relations of growth in 
animals to which the tissue was administered. To ascertain the 
possible effect of other components upon the growth of animals, 
therefore, it was necessary first of all to remove the cholesterol 
from the tissue. It was clearly recognized that this procedure 
might also result in the removal of the substance for which we 
were seeking. In that case, however, the search for such a sub- 
stance would be narrowed down to the various products which 
are soluble in the agent (cold acetone) employed to extract the 
cholesterol. If, on the other hand, decholesterinized brain 
tissue were actually found to exercise a decisive influence upon 
the growth of animals, the existence of a potent catalyzer of 
growth in nervous tissue, other than cholesterol, would be thereby 
established. We accordingly undertook the investigation of the 
effects of decholesterinized brain tissue upon the growth of the 
white mouse. 


Methods of Investigat on. 


The decholesterinized brain tissue was prepared by the method 
outlined by Rosenheim for the complete extraction of cholesterol 
from brain (18, 19). 5.5 kilos of minced ox brain were extracted 
with 5.5 liters of acetone at room temperature for 24 hours, the 
mixture being stirred from time to time. The fluid was then 
removed by filtration through several thicknesses of cheese-cloth, 
and the tissue squeezed between several layers of cheese-cloth to 
remove the greater part of the adhering liquid. The tissue was 
then again suspended in 5.5 liters of acetone, with occasional 
stirring, for 24 hours and the above process was repeated. In 
all, seven extractions were performed, the first three for 24 hours 
each, the last four for 12 hours each. We found that the last 
extract contained only inappreciable traces of cholesterol. Rosen- 
heim reports that six extractions with cold acetone are sufficient 
to remove all the cholesterol from brain tissue. 
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The extracted tissue was dried by spreading it out in a thin 
layer upon glass plates and blowing a gentle current of air over 
it for 24 hours. It was then finely pulverized in a coffee mill 
and spread out to dry in still air for another 48 hours. The 
vield of dry decholesterinized tissue from 5.5 kilos of brain was 
990 gm. Hence 1 kilo of fresh brain tissue corresponded to 180 
gm. of the dry decholesterinized substance. 

The daily dosage per mouse was arbitrarily fixed at 36 mg. 
It was felt that this large dose, corresponding to 200 mg. of fresh 
brain tissue, would certainly reveal the presence of any potent 
catalyzer of growth by decisive effects upon the time relations of 
growth. According to Rosenheim 1 kilo of fresh brain tissue 
contains 20 gm. of mixed cerebrosides (19). Hence 36 mg. con- 
tained 4 mg. of cerebrosides, a dose of this particular group of 
brain constituents equal to the dosage of tethelin which, in the 
experiments cited above, was found effective in causing marked 
departure from the normal growth curve in mice. 

The animals employed in the experiment were taken, without 
selection, from litters 4 or 5 weeks old. Thirty-six males and 
the same number of females received the above mentioned dosage 
of brain tissue mixed with their daily supply of egg (5 ec. of mixed 
white and volk for six mice). Since the growth curve of our nor- 
mals had been previously found to alter from year to year (10 
we simultaneously set aside thirty-six males and thirty-six females 
to serve as controls. So far as practicable the experimental and 
the control animals were alternately chosen from the same litters. 
Thus every litter containing four males, for example, contributed 
two to the experimental and two to the control group. Thi 
control animals received in every respect the same diet as the 
experimental animals with the exception that decholesterinized 
brain tissue was absent from the diet of the controls. The tech- 
nique of the experiments and the items of the dietary were the 
same as in experiments previously described (20), with the excep- 
tions that crushed oats were given instead of rolled barley, cab- 
bage leaves twice a week in place of lettuce, and dry unsweetened 
biscuit ("Pilot bread’’) on Sundays in place of dried baker's 
bread. The animals were weighed weekly to within the nearest 


0.5 gm. 
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The allowance of egg, whether containing brain tissue or not, 


was not completely eaten for the first 2 or 3 weeks. 


The amount 
of egg left unconsumed, however, was not greater in the one 
group of animals than in the other. After the first 3 weeks the 
egg was generally completely consumed each day. The decho- 


lesterinized brain tissue, with the exception of a few shreds of 
fibrous tissue, readily formed an emulsion when rubbed up with 
the egg, so that rejection of the tissue by animals which con 


sumed the egg was impossible. 





t 
Kap rine ntal Re sult , f 


The results of the welghings from the 4th to the 13th week 


when the experiment was terminated, are enumerated in Tables 
II and LIT. It will be seen that the deviation of the W ights of 
the experimental animals from those of the control animals did 


not, in the case of the males, exceed the probable error of the 
estimate. The differences observed were therefore of a fortuitous 
character. In the case of the females somewhat greater varia- 
tions were observed. Subsequently to the LOth week the varia- 
tions from normality averaged about twice the probable error, 
the chance of their being fortuitous | 


being about one in five. 


Subsequently to the 23rd week and until the 30th the 


variations were three times the probable 


observed 


error, the chance Ol 
fortuitous origin being still as much as one in twenty (10). 


When we compare these results with the consistent deviations 


from normality, amounting to five or six times the probable error 
which are displayed by animals receiving 4 mg. of tethelin 


{ rr 40 
mg. of cholesterol daily (17), it is evident that the results obtained 


in this experiment do not afford any ev idence for the « xistence of 
a growth catalyzer in decholesterinized brain tissue. The 


lutely negative result obtained with the male 


AVDSO- 


animals may, In 
; | See of pow i. oadl 
fact, be taken to disprove the presence of any such substance in 
the preparation administered to them. 

Such variations from the weights of the control animals 


were observed, however, were in the same sense in both males 


and females, the experimental animals being in each case slightly 
superior in weight to the control animals subsequently to the 


10th week of age or 6th week of the expr riment, r) 


ot nay 
IS TAC may 
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Lb. 


possibly have some significance, but such significance as it pos- 


sesses is probably quite unconnected with the presence of any 


specific growth hormone in the preparations administered. Such 
ABI I] 
I> 
} 27 10 31 L-() 4] in 93.7 
H 11.65 0 4] 1] 09 

6 36 12.99 0.11 0.6 
j 6 14_6S 0.05 ) 1 ) 
»S 28) 15.71 0 355 7.8 
) yt) 16.53 0) 43 10 79 
10 6 17.39 0.13 0 16.8 
1] th 1IS_08 0.27 06 > 0 
12 > 18 24 0 12 O03 ~ 
13 i 19.00 0.31 )7 15.4 
14 36 19.36 0 48 , 9 G 
15 6 19.90 0 Oo] 18 
16 36 4”) O88 L() 47 09 15.4 
17 » 20.76 0.66 | \ 
IS 6 20) &2 0 45 me) 

19 if) 21 25 0 53 1 1 | 
) a 1 () 4& } oO 

a! 6 91 S82 0) 38 7 1 ¢ 
yaa . H 22 US {) 6 | } 
2 5 Tt SG 0 08 ) 6 4 
24 , » 10 0 O04 ) 

y 4 ») 76 0) 64 | 

6b 5-4 22 97 0 5? 
27 54 2? RS 0 3? 

ss 34 23 06 0 2% 

uv 4 20.41 1) 61 J X 
i 42) 6 0 42 - 


a slight difference might arise from no other source than the 


greater variety of constituents in the dietary of the animals which 





received the decholesterinized brain tissue. 
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rABLE Ill, 


limes probable 


fror 
error of Variabilit 


, Jeviati ( 

Ag No. weighed Weight Deviation 
normal of 1919 * 
difference 


} 22 9 1S 0.53 ia 26.7 
5 35 10.79 0.33 1.1 16.4 
6 35 12.39 0.11 0.5 14.3 
7 35 13.63 0 O06 0.2 12.5 
8 35 14.638 +O 1S 0.5 12.9 
9 35 15.41 +() 32 1.0 11.4 
10 35 15 S81 0.12 0.4 12.2 
11 35 16.66 +-() 64 1.9 11.3 
12 35 17.21 -O 64 1.9 11.0 
13 35 17 .64 -Q 50 LS 10.4 
14 35 IS.17 +O .S4 2.4 11.0 
15 35 18.5] +-() 72 2.1 10.4 
16 35 1S.47 +043 L.2 11.0 
17 35 18.93 +() 45 1.2 10.4 
1S 35 19.20 +O) S4 2.3 10.7 
19 35 19 61 +O 9] 2.9 9.9 
”~Y) 35 19 66 +O 6S Des 10.4 
91 35 "0 10 -() 99 28 98 
29 35 20.33 1() 95 95 9.7 
23 35 20 30 +-() O] 2.4 9.1 
D4 35 20.67 1 04 2.4 9.1 
25 35 20.67 1.10 2.8 9 6 
°6 35 21.11 +1 3S 3.4 ¥.6 
97 35 21.14 1.34 3.1 9.7 
IR 35 21.34 1.50 ».4 10.8 
29 ata) "1 16 1 36 0 10 3 
21) 29 21.43 +] 4S 7 11.0 


Discussion of Results. 


The absence of any decisive effect upon growth of as large a 
dose as 36 mg. per mouse per day of decholesterinized brain tissue 
may be taken to indicate either that brain tissue contains no 
growth catalyzer other than cholesterol, or that all the substances 
in brain tissue which are capable of influencing growth are con- 
tained, with the cholesterol, in the cold acetone extract. 

The alternative still remains that the sought for growth hor- 
mone is actually present in the residue after acetone extraction 
but is not absorbed, either because it is of such a character as 
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not to be transmissible through ordinary (non-nervous) tissues or 
because it is decomposed with destruction of its growth-influenc- 
ing powers, by the action of the digestive juices. If, however, 
the substance were so difficultly transmissible through ordinary 
tissues as to render impossible its absorption from the digestive 
tract then neither could it be distributed from the nerve fibers 
through the cells and tissues which they innervate. On the other 
hand the growth-influencing substances with which we have 
hitherto become acquainted do not lose their power of affecting 
growth by exposure to the hydrolyzing enzymes of the stomach 
and upper intestine. 

The decholesterinized brain tissue which was employed in these 
experiments still contained, practically without diminution, all 
the phosphatides and cerebrosides of nervous tissue. The nega- 
tive result obtained with this preparation therefore stands in 
sharp contrast to our positive results previously obtained with 
crude lecithin from eggs (21). While the dosage of lecithin 
employed in our previous experiments was larger than in the 
present experiments, we are inclined, in the light of the above 
results, to attribute our positive findings in the case of egg lecithin 
to incomplete purification, and probably to incomplete removal 
of acetone-soluble substances. 


J 


MMARY. 


1. The nervous system can be shown (a) by its importance for 
the regeneration of lost parts, (b) by the significance of the ratio 
of brain weight to body weight in determining the longevity of 
animals, and (c) by the dystrophy foilowing upon nerve section, 
to exert a stimulating influence upon the growth of parenchy- 
matous tissues. 

2. The stimulation of growth by nervous tissues may concelv- 
ably be due either to the nervous impulses conducted by them or 
to a substance officiating as a growth hormone which is conducted 
to the tissues wholly or.in part through nerve fibers. 

3. In conformity with the latter view it is shown that sub- 
stances which stimulate the growth of parenchyma in mice so 
modify the time relationships of growth as to bring about an 
approximation of the growth curve for mice towards the form of 
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the growth curve for human beings, in which the ratio of brain 
weight to body weight is much higher than it is in mice. 

4. Cholesterol has previously been shown to modify the growth 
of mice in the manner indicated. Its effect, even in high dosage, 
is, however, much less than the effect of a high ratio of brain 
weight to body weight. If the nervous system affects growth 
through the agency of a specific catalyzer or hormone, therefore, 
this substance must be much more potent than cholesterol. 

5. It is shown that brain tissue from which the cholesterol has 
been extracted by cold acetone, administered by mouth in dosage 
of 36 mg. daily, is without effect upon the growth of mice. 

6. It is inferred that if nervous tissues do contain a potent 
eatalyzer of growth other than cholesterol it is also soluble in 
cold acetone and is removed from the brain in the process of 
extracting the cholesterol. 
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he “isolation” of the diastatiec ferments dates back to Payen 
und Persoz (1) who in 1833 precipitated a substance called dias- 
tuse from extract of malt. In 1846 Magendie (2) drew attention 
to the diastatic properties of the blood, and showed that blood 
was able to split starch to dextrinand glucose. Since that time 
an enormous literature has grown up dealing with almost every 
phase of diastatic activity. Most of these older writings refer to 
work on the experimental animals, Foster (3) being one of the 
few whose studies refer to the diastases in diabetes. He reports 
a diminished excretion of the ferment in diabetic urine, and he 
also emphasizes the fact that this starch-splitting power of the 
urine is not due to any bacterial growth, but results from the 


ction of a spe cific amylolytic ferment. 
Note of Origin ot the Fy rment in thre Bo ly. 


The diastases have such a widespread distribution throughout 
the body that there is some doubt as to where they are actually 
produced. They are found in the cells of the pancreas, the sal- 
ivary glands, the liver, blood, lymph, muscles, and the kidneys 

1). Sehlesinger (5) believes that most of the tissue diastases 
are formed by the pancreas and distributed throughout the body 
by means of the blood stream. The reaction of the blood dias- 
tases to a complete removal of the pancreas is of interest in this 
regard. Immediately after the operation there is a sharp drop 
in the diastase, as if the principal source of supply was cut off, 
but within 4 or 5 days the ferment returns to normal levels. This 
points to the production of the ferment by the tissues at large, as 
well as by the pancreas, although the latter may well be the prin- 
cipal source of supply under normal conditions. 
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Réle of the Diastase in the Blood. 


\ question closely allied to the above is whether the blood 
diastase has any importance in the production of the hyper- 
glycemia of diabetes and nephritis, or whether it is merely a 
substance discarded by the cells and on its way to the excretory 
organs. It is generally believed that there is an increased break- 
ing down of glycogen to dextrose in diabetes, but Milne and 
Peters (6) think this is due to the accumulation of some sub- 
stance in the body, which stimulates the glycogenolytic activity 
of the cells; they do not think the blood diastase is augmented to 
a sufficient extent to account for this change. They find no 
increased diastatic activity in phlorhizin glycosuria, and other 
writers state that piqfre causes no change in the diastatic activ- 
ity of the blood, although under both of these conditions there is 
a tremendous mobilization of sugar. Bang (7) states that there 
is no relation whatever between the blood diastase and the degree 
of glycogenolysis and glycosuria. Frequently he finds a marked 
glycosuria with a low blood diastase, and Bainbridge and Beddard 
8) also report two cases of severe diabetes with an almost com- 
plete absence of diastase from the blood. Myers and Killian (9), 
however, report a series of cases of diabetes in which they find a 
close relation between the level of the blood diastase and the 
severity of the diabetes. In view of the interesting character of 
heir results, we decided to repeat their work, making use of a 
modified form of their method of estimating the diastatic activity. 
Chis modification consisted in using the Benedict (10) method of 
blood sugar determination instead of that described by Myers 
and Bailey. 


Method. 


lwo 2 ec. samples of blood are placed in 25 cc. volumetric 
flasks. The first is laked with 4 cc. of distilled water and used 
as the control, while only 3 cc. of water are added to the 
second flask. Both flasks are placed in a water bath at 40°C., and 
when the temperature of the flasks has become constant 1 cc. of a 
| per cent solution of soluble starch is added to the second flask, 
and the incubation is then carried on for 15 minutes. Both 
flasks are then cooled, made up to the mark with the sodium 
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picrate-picric acid solution, and the sugar is estimated according 


to Benedict. The quantity of starch which has been broken 


down by the diastase is calculated by comparing the amounts of 
sugar in the control with that in the blood-starch mixture.' The 
index is the percentage of soluble starch which has been converted 


into dextrose. For example, if 2 


mg. of starch are changed to 
sugar, the index will be 20. All tests in the series have been done 
on duplicate samples within 15 minutes of the withdrawal of the 
blood. Our results for normal subjects are in close agreement 


with those of Myers and Killian (9) and of de Niord and Schreiner 


rABLE I 
Comparison of Indices by Origine 1} V é Ve 
M ' 

l 23.4 1.2 I rat , 
2 13.6 15.0 
) 10.4 iZ.2 
4 16.6 15.6 

IS.7 19 4 
6 0 Be 25 0 1) 
7 11.4 11.4 
s > 2 4 Net < 


11), but there is a wide divergence in the indices of the diabetic 
patients. To exclude the modified technique as a possible cause 
of this difference, the original method has been compared with 
the one used for this series and the results have been found to be 
almost identical by the two methods (Table I) 

Vormal. Subjects.—The normal subjects consist of workers in 
the laboratory, students, and convalescent patients in the wards. 
In all there are studies on thirteen persons and a total of 58 
determinations of the normal diastatic index. There is a con- 
siderable variation in the index, namely from 7.0 to 29.4, but 47 
of the 58 are within the comparatively limited range of 14 to 25. 

‘ A small correction factor is necessary for the amount of sugar present 


in the soluble starch (Lintner). This usually amounts to 0.25 mg. per 
10 mg. of starch, or a correction factor of 2.5 points in terms of the 


index. 
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These then may be taken as the usual limits of the normal index. 


Most of the examinations were made on fasting bloods, but, as a 


number had been done on blood taken after food, it seemed 


desirable to study the diastatic activity in relation to food and 
to determine whether or not food or the type of food had any 
effect on the blood diastase. lor this purpose a& group of five 


normal individuals were each given a series of test breakfasts. 
These meals were so arranged that the first was an ordinary 
breakfast, the second contained a large proportion of carbohy- 
drate, the third a high protein content, and the fourth a large 
excess of fat. The actual composition of these meals is given in 


Table Il. A specimen of blood was taken while the subject was 


fasting, and a second specimen was withdrawn 1} hours after the 


TABLE II 
\ 2 
( Diff 
I In 
Ordinary breakfast IS_5 [7 3 . 2 
Carbohydrate “ 1 0 de .0 142.0 17.0 191 +2. 1 
Protein aa iSO s 0 lO 0 2008 ISS 2.0 
Fat . 13.0 66.0 2 0 18.76 16 24 2.52 


middle of the meal. ‘The diastatic index was estimated for these 
two samples of blood. The average indices before and after food 
are given in Table II. These results do not show any marked 
change in the index after these test diets. As a general rule, 
the index is lower after meals than before, but the average depres- 
sion is only 1.2 points after the ordinary meal, 2.0 points after 
the protein, and 2.52 after the fat meal. After the carbohydrate 
meal the index shows a rise in four of the five tests, but even here 
the variation is only 2.1 points. The diastatiec index evidently 
undergoes very slight changes in relation to the various types 
of food. This agrees with Watanabe’s (12) results on experi- 
mental animals and also with the work of earlier writers. 

Cases of Diabetes.—The chief interest naturally is attached to 
the series of diabetics. These are eighteen in number and repre- 


; 


sent all stages of the disease. As stated above, Myers and 
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Killian (9 report an almost constantly increased diastatic a 

itv in these cases, and this increase is more or less proportional to 
the level of the blood sugar and to the severity of the diabetes 
De Niord and Schreiner (11) confirm these findings except for 
i series of diabetics with syphilis in whom they find extrem« 
ow indices. These results are not borne out by the present 


series of studies where the index is consistently lower than norn 


Only six of the twenty-seven are above 15, while the index is 10 
or lower in fourteen instances (normal range 14 to 25 E 
[II is arranged according to the level of the blood sug nd ther 


is no obi IOUS Ire lation between the leve | of the Sugar in the hloo | 


and the degree of diastatic activity. Two or more determi 
tions were done on five of the cases. Inthree (L., MeL., and MeD 
the index is more or less proportional to the level of the blood 
sugar: 7.e., a high sugar is associated with a high diastatie inde 


In two cases (Ch. and R.), however, the index is inversely pro- 
portional to the level of the sugar in th blood The se TWO Va 
are therefore not always proportional to each other 

These results are in such marked contrast to those reported | 
\[vers and Killian (9) that a possibli explanation was sought for 
De Niord and Schreiner (11) mention syphilis as ise ol 


low diastatic index but no case in the series gave ositive \ 
sermann It was thought that possibly the age of the p 

and the duration of the disease might have some relation to 

he i@ht of the index. (hroni nephritis is notoriously fi que! 
old diabeties and It Was possible that the high indices might | ( 
heen due rat he rtoa retell tion ot the di IST ASE 1) 
kidney, than to any particular change in the rate of produ 

of the ferment in the diabetic individual. Reference to Tabl 


III will show that there is a marked tendency to the lowe 


in the very young, the highest index in those below 13 ! 
being 13.8. On the other hand L.. a woman of 63 


diabetic of 16 vears standing, had on three occasions 

values of 10.4, 8.6, and 4.0. Therefore age and duration of thi 
disease cannot be important factors in determining the level of 
the diastatie activity. In the present series a low index has not 
been a favorable sign, as all the fatal eases, three in number, has 


indices he low 11.5. 
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In the present state of our knowledge it seems reasonable to 
believe that the percentage concentration of the blood diastase 
has very little direct relation to the rate at which starch is broken 
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are correct in regarding the diastatic bodies of the blood as dis- 
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In 1909 Wohlgemuth (15) introduced the 
determination of the urinary diastase as a test of renal function, 
but Rowntree, Marshall, and Baetje1 


16) found the test unreli- 


able and it received very little credence in this country, although 


it is still used to some 
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of the blood diastase in nephritis have shown that this test has no 


great reliability in measuring renal function. The index may be 


high or low with a disease of the same degree of severity and 


apparently of the same type. 


In the present series for example, 


Ch. and Vi. are both cases of severe diffuse nephritis with extreme 


anasarca, 


but with relatively little disturbance in the rate of 
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nitrogen excretion 
(‘h. gives a normal diastatic activity, 
very low index W hich shows ho chang 


ment in the patient’s condition. 


-even 


Ambard: 0.139 for Ch. and 0.177 fo 


while in Vi. ther 


wit! 


Again, Sa. shows a change 


an index of 26 to one of 8.0 within a fortnight without the 


tests of hunetion showing any noticeable 
any change 


) 


extreme renal insufficiency 2 weeks 


in his clinical condition. Again, Ak 


showed no greater retention than either 


Whom ire alive 


/ 
7 


insufhiciency 


W ho dies 


othe 


] 
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The diastase ot the blood ShnHows wide variatiol in } lov 
nephritic patients; in some cases it is in a d wi 
showing ns retention of waste products bu n nsid 
number of cases studied it shows no direct relat I ( 
renal lesion or to the degree of involvement or progress of 
diseas 

SUMMAI 

lL. The normal diastatic index is between 14 d 25 

2. The diastatic activi t the blood sho ry littl 
ll re] ion to rood his pphes |} th ( 1 , ! Re ! 
those in whicl he is ! prepond ! ol miu 
tvpe of food 

} Chere - 0 Const i! ( i? } On | 
betes and there does not seem to | | 
the height of blood sugar and e das s 
of the most severe cases show the lowest dias tivit 

i here j marked variation in the I ol t erme! 
eases of nephritis, but no evident connecti he 
disease and the diastatie activity, and 
hetween the progress ol the lesion ind the j ? 1 
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INTRODUCTION, 


The production of acetone by the lower organisms has formed 
the subject of a number of recent investigations. During the 
war the great demand for acetone and allied solvents of nitro- 
cellulose and of ‘‘aeroplane dopes”’ stimulated the development 
of processes for the production of acetone on a commercial scale. 


Schardinger (1905) isolated an organism which fermented carbohydrates 
with the formation of ethyl alcohol, acetone, and acetic and formic 
acids The majority of the carbohydrates were fermented by this organ- 
ism with the formation of these products Potatoes and potato starch 
proved the best media, and in the presence of peptone and calcium carbon- 
ate acetone equal to 6.9 per cent of the starch, and alcohol equal to 20.8 per 
cent by weight were found. Acetic and formic acids were also produced, 
the latter predominating. 

The demand for butyl alcohol and acetone in the manufacture of syn- 
thetic rubber from butadiene and isoprene stimulated further research 
for an organism that would produce both of these compounds in quanti- 
ties to be of commercial value. Fernbach and Strange (1912) isolated an 
organism of this type. Weizmann (1915), a student of Fernbach’s, sub- 
sequently isolated a heat-resisting organism, Bacillus granulobacter pec- 
tinovorum, from soils and cereals which had the characteristic ability to 
eonvert starch mainly into acetone and butyl alcohol. This organism 
was then used to produce acetone on a commercial scale by fermenting 
mashes of damaged rice, grain, and horse chestnuts. A factory was suc- 
cessfully operated from January, 1917, to November, 1918, with the pro- 

* Published with the permission of the Director of the Wisconsin Agri- 
cultural Experiment Station. This work was in part supported by a 
grant from the special research fund of the University of Wisconsin 
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duction of about 200 long tons monthly. In an extensive study of the 


chemistry of this process Speakman (1920) reported the production of 


5,741,275 pounds of acetone and 12,660,834 pounds of aleohol, or 7.76 pel 
cent acetone an | 17.23 per cent ale rh lL of the total 73.463 .654 D inds 
dry corn fermented 


Northro 


Bacillus acetoethylicum, from old potatoes which possessed certain ch 


p, Ashe, and Senior (1919) succeeded in isolating an organism 








acteristics similar to those of Schardinger’s organism in that it conve 
nl t earb yhyds ites into ethyl ilcohol, formie acid ind acetone I} 
amount was about 8 to 9 per cent acetone and 14 to 20 per cent alcohol | 
We oht oT thie original ecarbohvdrate Che \ r} f N rthr ) ind 
collaborators showed that the optimum temperature for growth and 
luetion of acetor was about 43°C kor the maximum productior 
etone the reaction of the medium must be about pH 6.0 to 7.0; an exces 
Im ¢ vonate was added to maint 1 this reaction his | lrogen 
( entr . of the medium for acetone production was found b 
very ad erent from that required for ptimum growth: namely pli S.0 
9.0 It was noted that if the medium was first adjusted to the bove re 
tion a vigorous fermentation took place This fact was later made use of 
l the plant of the Commercial Solvents Corporation at Terre Haute 
Indiana, where xperiments to produce acetone commercially wer ir- 
ried out Before the mash was run into the fermenters, it was brought 
to pH 8.4 to 9.5 by the addition of lime and it was found that the fe 
rie tat n was simular to that Ihta ed in the | } ratorv experiment 
Reilly and his collaborators (1920) studied in detail the mechanist I 
the fermentation process for the production cetone and butvl alcohol 
from carbohydrate material In the nitial stage I termentat tl 
eciditv inereased rapidiy int the maximun vas t ned After S 
point was reached, there was a marked gain in the rate of producti 
acetone, butyl aleohol, carbon dioxide, and hydrogen. These invest 
gators suggested that acetic and butyrie acids were intermediate products 
in the formation of acetone and butyl aleohol In the presence of 
cium earbonate, they found that the production of acetone and aleoh 
was almost entirely suppressed. When acetic acid was added to the fer 
menting culture, there was an increased vield of acetone without ar 


change in vield of butyl alcohol 


In this paper a study has been made of the products formed, 
the factors influencing the end-products, and the relation of 
these products to one another in the production of acetone by 


Bacillus acetoethylicum. 


Dr. John H. Northrop of The Rockefeller Institute for Medical Re- 


search kindlv pl iced at our dispos il, for this work, a pure culture of Ba 





acetoethylicum, and we wish to express our thanks to him for this courtesy 
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EXPERIMENTAL. 


In the fermentation of clucose, sucrose, potato starch, and 


xylose, 2 per cent solutions were used. The medium consisted of 


0.5 per cent peptone, 0.1 per cent dipotassium phosphate, tap 
water, and the desired carbohvdrate. Of this solution 250 ee. 
were placed in 300 cc. Erlenmeyer flasks, and the flasks sterilized 
for 30 minutes at 15 pounds pressure. The flasks were next 
inoculated with Bacillus acetoethyl cum; to some of these flasks 
CaCO; was added, to others 2 or 3 drops of brom-cresol purple 
were added, and the medium was adjusted to the desired pH by 
adding NaOH. In certain expermments the flasks were con- 
nected to a carbon dioxide absorption trap similar to that used 
by Peterson and Fred (1920), and incubated at 37°C 

The acids formed during the fermentation were neutralized 
daily by additions of sterilized 1 N sodium hydroxide, except in 
the cultures to which an excess of sterilized calcium carbonate 
was added at the time of inoculation. Here, as with the other 
cultures, the progress of the fermentation was indicated by the 
rapid evolution of gas and frothing of the cultures. In some 


cases further additions of sterilized calcium carbonate were found 


necessary. At the end of the fermentation period, the duration 
of which was approxunatel 2 weeks, the cultures were analyzed 
for volatile and non-volatil acids, alcohol acetone carbon 


dioxide, and unfermented carbohydrates. 

Volatile and Non-Volatile Acids.—The determination of thes 
acids was made in the same manner as has already been des ribed 
in previous publications. 

Alcohol and Acctone.—To 75 or 100 ee. of the culture solution 


re sodium chlorid were idded 


in a Kjeldahl flask, 40 gm. of ec. 
and from two-fifths to one-half of the original volume was dis- 
tilled over. The distillate was made up to 100 ce., 50 ec. of which 
were used for the alcohol determination and 50 ec. reserved for 
the determination of acetone. The alcohol was determined by 
oxidizing and distilling a 50 ce. aliquot according to the method 
of Dox and Lamb (1916). After titration with 0.1 N barium 
hydroxide, this distillate was evaporated to dryness on the’ steam 


bath and the residue used for the Duclaux determination of acids. 






So ere 
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Acetone.—The remaining 50 ec. of the alcoholic acetone solu- 
tion were used for determining the amount of acetone in the cul- 
tures by Goodwin’s (1920) modification of Messinger’s method. 
A 10 ce. aliquot of the distillate was pipetted into a glass-stop- 
pered bottle, 10 ec. of a 10 per cent solution of sodium hydroxide 
were added, and an excess of 0.1 N iodine solution was run in with 
constant agitation. The bottle was then stoppered and allowed 
to stand 10 minutes, after which 11 cc. of 2 N sulfuric acid were 
added, and the excess of iodine was titrated with 0.1 N sodium 
thiosulfate. 

Carbon Dioxide.—The carbon dioxide in the culture and in the 
potassium hydroxide of the absorption bottle was determined by 
means of the Van Slyke (1917) apparatus for determining carbon 
dioxide in blood and carbonate solutions. 

Unfermented Carbohydrates.—The unfermented carbohydrates 
in the culture were determined by the Brown, Morris, and Millar 
(1897) method. The starch and sucrose were hydrolyzed with 
hydrochloric acid, then clarified with subacetate of lead, and 
aliquots taken for gravimetric analysis. 

The results of the analysis of the glucose, sucrose, potato 
starch, and xylose cultures are given in Table I. The figures 
show the two different types of fermentation obtained by titrat- 
ing the acid produced daily with 1 N sodium hydroxide, and by 
keeping the alkalinity constant with an excess of calcium car- 
bonate. In the sodium hydroxide series there is formed a large 
amount of volatile acid and a relatively small amount of:alcohol 
and acetone. On the other hand the calcium carbonate series 
shows an increase in the alcohol and acetone production with a 
corresponding decrease in the volatile acid. The non-volatile 
acid is practically the same in both series. The data of the 
table indicate that the optimum conditions for the production of 
acetone are maintained in cases where calcium carbonate is used 
0 neutralize the acid formed during fermentation. Northrop 
states that when calcium carbonate is used the medium is main- 
tained at pH 6.0 to 7.0. If the medium is more alkaline and 
near the optimum for the growth of Bacillus acetoethylicum, the 
organism multiplies rapidly and at the same time produces 
sufficient acid to change the reaction to about pH 6.0 to 7.0 
where it is maintained by the caletum carbonate. The pH of 
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some of the cultures which had been fermenting for 4 days in the 
presence of an excess of calcium carbonate was measured and it 
was found that the reaction was pH 5.6 to 5.8. 

An interesting fact noticeable in the fermentation, where the 
acid formed was titrated daily with 1 N sodium hydroxide, was 
the destruction of the indicators. Brom-cresol purple and 
cresol red were used, and after 24 hours of vigorous fermentation 
it was found that the indicators had been reduced. To insure the 
proper reaction, additions of sterilized indicator were made before 
each titration. 


rABLE I, 
Products Formed in the Fermentation of Va ) Ca y, 
Calculated for 100 C of Cu 
', ‘i 
( ra is } 
1. Glueose 6.2) NaOH 0.3192 0.0684 0. 2723 0.0986 0.3634.0.8696 1.9915 
a. “a 5.8 CaCO, 0.0869 0.0522 0.3202 0. 1464 0.6060 1.2117 
3. Sucrose 6.2 NaOH 0.2136 0.05220.1600 0.0399 0.2517 '1.0024* 1.7198 
} ” 5.8 CaCO, 0.1410 0.0635 0.4554 0. 2002 0.1789 1.0890 
5 Starch, 
potato 6.2 NaOH (0.37320 05040. 2972 0.0733 0.37850.3423 1.5149 
©. Stare h 
potato 5.8 CaCO, 0.07040.0632 0.4329 0.2034 0.3845 1.1544 
7. Xvlose 6.2. NaOH 0.3480 0.0657 0.4425 0.1568 0.53460.2218 1.7614 
Ferment nplete 
Identification of Volatile Acids—The dry residue of the barium 


salts of the volatile acid was taken up with water and filtered to 
remove the barium carbonate. The filtrate was then made up 
to 80 cc. and treated with the proper amount of 1 N sulfuric 
acid to liberate the volatile acids. The barium sulfate formed 
was filtered off, and the filtrate was made up to 110 ec. and dis- 
tilled according to the Duclaux procedure. The distilling con- 
stants obtained (Tables II and III) indicate the presence of both 
acetic and formic acids. The approximate percentages of formic 
and acetic acids in the above cultures were computed according 
to the graphie method of Gillespie and Walters (1917) with results 
as given in Table IV. The results of this table indicate that 
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acetic acid predominates in the fermentation of sucrose and 
potato starch, whereas formic acid is produced more abundantly 
in the fermentation of xylose. 

PABLE II 


Volatile Acids from the Fermentation of S iwcrose as Determined by the Duclauzx 
Vethod. 





Ir 
I 0 30) } 7 80 0 100 

Individual frac- 

tion, 0.1 N cc. .{1.57| 1.72) 1.82) 1.96) 2.03) 2.19) 2.38) 2.70) 3.14) 4.10 
Total, 0.1 N ce 1.57) 3.29) 5.11) 7.07) 9.10/11.29)13.67|)16.37|19.51| 23.61 
Distilling con- 

stant found 6.6 113.5 |21.6 (29.9 38.5 47.8 |57.8 69.3 82.6 |100.00 
Distilling con- 

stant calcu- 

lated* 6.79:13.9 |21.6 29.7 38.2 47.6 |57.6 69.0 82.5 


Formie 40.55, acetic 59.55 (see Table I\ 


Distilling Constants of Volatile Acids Obtained by the Duclaux Method. 





} 
70 mI) ” 100 

Cilucost 7.0 14.6 22.631.039.9 49.7 60.071.684.4 100 
Potato stare} 6.8 14.0 21.6 29.5 38.147.3 57.468.781.8> 100 
Xvlos 6.5 13.4:20.9 28.7 37.2 46.2 56.467.981.8;) 100 

rap I 
P ( } | 1! | / Sod ? H troxrvde 

Né 

| \ t 

Sucros H) ) 5955 
Potato starch 13.32 56.68 


Xvlose 54.04 15.96 


\ quantitative estimation of the formic acid irom the residue 


of the Duclaux distillation was made according to the method of 


ineke L913 and substanti illy the same res ilts were obtained 
as from the Duclauy distillation 
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Identification of Non-Volatile Acids.—The dry residue obtained 
by evaporating the titrated solution of non-volatile acid was 
taken up in water, filtered to free it from any BaCQOs, and again 
evaporated to dryness on a steam bath in a tared platinum dish. 
The platinum dish and residue were dried in an electric oven at 
130°C, until constant weight was obtained, an excess of dilute 
sulfuric acid was added, and the salts were converted into barium 


sulfate by ignition, and then weighed. From the velght of the 


rABLE \ 
Composit B m Salts of Non-\ { 
We 
We 
{ 
: ( 
{ 
Glucose 0.1121 0.0770 0 0830 
Potato starch 0.0936 0. O678 0). 0692 
rABLE VI 
Distilling Constants of Alcohol of NaOH Series by Duclauxr Method 
Fr 


Sucrose 
Potato starch 
Xylose 


Glucose 


7:15.5/23.9'32.4.41.051.461.67 

7:15.8/24. 4/33 .0.42.3.51.962.17 

715.5,24.133.042.351.661.873.086.0 100 

8 15.9/24.333.142.351.962.273.285.6 100 

7.15.7/24.2'32.9'42.251.762.073.1185.5 100 

7\15.8/24.2/3 72.685.1 100 
3 43 71.984.4 100 


»>SS5.3 100 


3.085.4 100 


Sucrose* 
Potato starch*... 
Constants for acetic acid 


32.8 41.951.361.5 


32.040.950 560.6 


it i i ae a a 


115.2% 
*(CaCQOs series. 


dried barium salts the theoretical weight of barium sulfate was 
calculated. The slight discrepancy between the found and 
calculated values is probably due to ether-soluble decomposition 
products formed during the sterilization of the sugars. The 
results of this work are given in Table V. 

Identification of Alcohols——The solution of the barium salts 
obtained by oxidation of the alcohol was evaporated to dryness 
on a steam bath and prepared for the Duclaux distillation in a 
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way similar to that used for the volatile acids. The results 
obtained are given in Table VI. The Duclaux constants in this 
table show that the alcohol produced during fermentation is 
ethyl and that only traces of any higher alcohols are present. 
Northrop, Ashe, and Senior report that ethyl, propyl, and butyl 
alcohols are produced. 


Modification of the Products of Fermentation by Varying th 
Re action of the Me dium, 


it has already been noted that the reaction of the medium 
influences the products of fermentation but, so far, the experi- 
ments have been limited to only two reactions, pH 5.8 to 6.2. 
Further tests of this point were made in which 2 per cent sugar 
solutions containing varying amounts of 1 N NaOH or calcium 
carbonate were fermented. No attempt was made to maintain 
constant the reaction of the medium by the use of a high concen- 
tration of buffer substances. 

7.5 gm. of peptone and 1.5 gm. of K,HPO, were dissolved in 
1.5 liters of tap water. Portions of 250 ec. of this medium were 
then pipetted into 300 ce. Erlenmeyer flasks, and 5 gm. of either 
glucose or sucrose were added to each flask. After sterilization 
one flask each of glucose and sucrose was inoculated and an excess 
of CaCO; added. <A second pair of glucose and sucrose flasks 
was inoculated, 4 drops of sterilized brom-cresol purple were 
added, and the pH of the medium was adjusted to the indicator 
by adding sterilized 1 N NaOH. ‘To a third pair of flasks, 2 ee. 
of sterilized cresol red were added and the medium was similarly 
adjusted with NaOH. These last four flasks were closed with 
two-hole stoppers. Through one hole was inserted a short piece 
of glass tubing, to the upper end of which was fastened a piece of 
rubber tubing plugged with cotton and closed with a screw-clamp. 
Through the second hole was passed a piece of glass tubing bent 
at an angle of about 60° and drawn out to a capillary point. 
The flasks were incubated at 37°C. and sterilized 1 N NaOH and 
indicator were added as the fermentation progressed. At the end 
of 14 days the cultures were removed from the incubator and 
analyzed. The results given in Table VII show the effect of 


varying the hydrogen ion concentration on the volatile acid, 
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rABLE VII 


Comparison of Products Obtained under Various Reactions of Media 
Calculated for 100 Ce. of Culture 





I'nf 
‘2s 5 Neutral- | Volatile Ethyl eneciine 
Carbohydrate Reaction izing acid 7 Acet stats 
substance.| as acetic gies i ome. 
»H nm i 
Glucose 5.8 CaCO; | 0.0720 | 0.4117 | 0.1359 | 0.2296 


6.2 NaOH | 0.3276 | 0.3128 | 0.0685 0.3492 
g Ot NaOH | 0.5040 | 0.2088 | 0.0995 | 0.3235 


Sucrose 5.8 CaCO 0.2556 | 0.4752 | 0.1064 0.4865 
6.2 NaOH | 0.4404 | 0.5060 0.1531 0.4606 
8.0 NaQH | 0.5400 | 0.3468 | 0.1207 0.5074 


* Brom-cresol purple 


Tt ( ‘resol red 
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Fic. 1. The influence of varying the reactions of the medium on the 


products of fermentation. 


acetone, and alcohol production. The data from the CaCO 
cultures are comparable to those obtained in the first experiment 
with the exception that the fermentation was more nearly com- 
plete. An increase in the pH of the medium results in an increase 


in volatile acid and a decrease in alcohol production. The non- 














474 Acetone Production by Bacteria 


volatile acid remains practically constant and in amounts approx- 
imating those in Table I. A graphie representation of the change 
of products brought about by varying the pH is given for the 
two carbohydrates, glucose and starch. Both the table and 
Fig. 1 show the pronounced influence of the pH of the media in 
determining the relative amounts of the products formed. In a 
second parallel experiment, CaCO; was omitted and the different 
reactions were obtained by means of sodium hydroxide only. 
The cultures were adjusted to pH values of 5.5, 6.5, 7.5, and 8.5, 
inoculated, and after 10 days incubation were analyzed. The 
culture with pH 5.5 did not ferment very readily as indicated 
by the results of the analysis in Table VIII. The percentage of 


the total products, however, shows the same decrease of alcohol 





rABLE VIII 


Comparison of Products of Fe rmentation at Diffe ent Re actior 
Calculate d for 100 Ce of eG elture . 


Carbohydrate aie 2 , I ilecohol Acetone 
! 
i] a ~ m P /# 
Glucose 5.5 0.2364 51.5 0.1766 38.5 0.0459) 10.0 0.4589 


6.5 0.4116 55.3 0.2493! 33 0.0844! 11.3 0.7453 
7.5 0.4056 56.1 0.2641 36 0.0536 7.4 0.7233 


8.5 (0.6522) 64.3 0.3220 31.7 0.0413) 4.0 1.0155 


oe © 


* These figures represent the percentage of the total products obtained 


and acetone production with an increase in the pH as given in 
Table VII. From these two sets of experiments which in general 
confirm each other, it will be seen that the products of fermenta- 
tion are to a great degree dependent upon the reaction of the 
medium. A decidedly acid reaction favors the formation of ace- 


tone and decreases the production of acid. 


Fe r7ne ntation of Potato Starch in the Abs nce of ( ‘alezum Carbon ite. 


The object of this experiment was to determine the rate of 
acid, alcohol, and acetone production. A medium of the follow- 
ing composition was prepared: 5 liters of city tap water, 50 gm. 


of peptone, 5 gm. of di-basic potassium phosphate, and 100 gm. 
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of potato starch. 500 cc. of this medium were removed and 100 
cc. aliquots of it were transferred to 150 cc. Erlenmeyer flasks. 
These flasks were sterilized at 15 pounds pressure for 30 minutes 
and then inoculated with Bacillus acetoethylicum and incubated 
at 37°C. for 52 hours. 100 ce. of this inoculum were added to 
the remaining sterile 4,500 cc. of medium in a 5 liter flask and 
incubated at 37°C. The flask was never removed from the 
incubator during the time of active fermentation. A complete 
hydrolysis of the starch and vigorous fermentation and evolution 
of gas had taken place within 18 hours, at which time the first 
analysis was made. At various intervals from this time, 180 cc 
portions of the culture were withdrawn under sterile conditions. 
Duplicate portions of 10 cc. each were titrated directly with 0.1 
~ barium hydroxide, and 50 cc. were acidified with sulfurie acid 
and subjected to steam distillation for the determination of 
volatile acids. The non-volatile acid was determined in a few 
cases on the residue from the above distillations as previously 
described. The alcohol was determined on 100 ce. of culture as 
outlined in the first experiment. Tests for acetone were made on 
portions of the alcohol distillate, but no positive tests were 
obtained until the time indicated on the chart. No acetone could 
be detected until 299 hours after inoculation. <A well defined test 
was obtained at the end of 395 hours but is not indicated in Fig. 2. 
This production of acetone at these points seems to be coincident 
with the fall in acidity. Speakman (1920), working with Bacillus 
ranulobacter pectinovorum, has observed the same phenomenon 
and makes the statement that without this fall of acidity no 
acetone is produced. He also obtained an increase in acetone 
production by adding various organic acids to his media, which 
would further substantiate the theory that acetone is produced 
from acetic or other acids. His experiments show that in the 
higher fatty acid series the yield of acetone is diminished in a 
regular manner, and the products of aleohol increase. 

From unpublished data it has been found that acetaldehyde 
is formed as an intermediate product, and it is possible that the 
acetone is produced from this compound by condensation, oxida- 
tion, and decarboxylation. Raistrick and Clark (1919) state that 
it is one of Weizmann’s unpublished observations that Bacillus 


( anulobacter pectinovorum probably produces acetone from the 
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carbohydrates of maize by the decarboxylation of aceto-acetic 
acid. The exact nature of the mechanism of acetone formation 
is still unsolved. The data on which Fig. 2 is constructed are 
given in Table IX. 

The hydrolysis of potato starch in the first stages of fermenta- 
tion presents another interesting problem. These hydrolytic 
changes, indicating enzyme activity, were observed about 12 
hours after inoculation, and continued until the solution was 
perfectly clear at the end of about 36 hours. Potato starch 
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Fig. 2. Curves showing the rate at which different products are formed. 


medium, treated with fresh inoculum and toluene, when incu- 
bated, showed similar changes. Starch medium, to which was 
added a portion of an active culture, which had been passed 
through a Berkefeld filter, also showed enzyme activity. 

Samples of the above cultures produced a red color with iodine 
solution, and a finely divided suspension with two volumes of 
acetone or alcohol, showing the presence of some dextrins. 

These experiments, though not conclusive, indicate that some 


enzymes are secreted which liquefy and hydrolyze the starch 

















probably into dextrin and sugars, which are then utilized by the 
organism in the formation of the various products of fermentation. 
Samples of a fermenting potato starch culture, when tested 


with 


Apr. 


Apr. 


Apr 


Apr 


Apr 


aliquots of solutions of the above experiments 
traces of a reducing sugar. 
fermenting culture they are fermented by the organism so rapidly 


Fehling’s solution, showed no sugar. 


14, 


rABLE IX 


Rate of Formation of Different Prod 


)1> 
rit t 
DD i 
' \ 

9 a.m IS 19.2 17 
12 m 20 20.6 
2 p.m 22 19.7 
eg 4 21.0 16 
Ss 28 21.0 17 
10 1} °1 0 
6 a.m 3S 21.6 17 
10 $2 IS.8 
2 p.m 16 21.3 
ies ol 19.7 17 
9 an 65 23.2 LS 
t p.m 42 25.0 
J 77 25.3 19 
9 a.m SY 22.1 19 
10 p.m 102 27 .O 
iv) 25 27 .1 1S 
9 149 250 20 
9 173 24.3 IS 
9 251 27.1 
Q 75, 8 | 
9 200 19.1 
0 an 395 13.1 


that none accumulates in the culture. 
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Determinations on 


0 


If reducing sugars are formed in the 
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CONCLUSIONS, 


Bacillus acetoethylicum ferments glucose, sucrose, potato 
starch, and xylose in a peptone-phosphate medium with the 
production of acetic, formic, and lactic acids, ethyl alcohol, 
acetone, and carbon dioxide. These products represent from 90 
to 95 per cent of the sugar fermented. In a 2 per cent solution 
75 to 8O per cent of the original carbohydrate is fermented within 
10 to 15 days. 

The optimum condition for acetone production is at a pH of 
5.8 to 6.0. The influence of the reaction of the medium has 
a very marked effect upon the products formed. An alkaline 
medium maintained at about pH 8.0 is fermented by Bacillus 
acetoethylicum with the formation of large amounts of volatile 
acids, and comparatively small amounts of alcohol and acetone. 
A balance must therefore exist between these three products in 
the fermentation of the above carbohydrates. An increase in 
the volatile acid content signifies a corresponding decrease in the 
amount of alcohol and acetone present. Vice versa, an increase 
of acetone and alcohol, where the fermentation takes place under 
optimum conditions for the production of these products, is 
accompanied by a decrease in the yield of volatile acids. Acetone 
is not produced immediately in new cultures, but is formed after 
several days of fermentation. 

The volatile acid formed is composed of about 45 per cent 
formic and about 55 per cent acetic. 

Ethyl alcohol, with traces of some higher alcohols, is_pro- 
duced in amounts varying from 8 to 25 per cent, depending upon 
the reaction of the fermenting medium. 

Small amounts of non-volatile acid are produced; this acid 
has been shown to be lactic. 

Potato starch medium when inoculated with Bacillus aceto- 
ethylicum is first liquefied and then goes through a process of 
hydrolysis. No reducing sugars have been detected in a ferment- 
ing culture of this kind. Cultures previously treated with toluene, 
or freed from organisms by filtration, also produced similar 
changes in a starch medium. ‘Traces of reducing sugars were 
found, and a characteristic red color was always produced when 


treated with iodine solution. The hydrolysis of starch into 
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dextrin-like substances indicates the liberation of enzymes by the 
bacterial cell which function as hydrolytic agents. The negative 
tests for reducing sugar do not exclude the probability of their 
formation during bacterial activity, for the sugars may be utilized 
by the organism as rapidly as they are formed. 
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DIHYDROXYPHENYLALANINE, A CONSTITUENT OF 
THE VELVET BEAN.* 


By EMERSON R. MILLER. 
From the Alabama Agricultural Experiment Station, A 
Received for publication, September 23, 1920. 

Shortly after beginning a chemical investigation of the velvet 
bean Stizolobium deeringianum Bort the writer observed that 
an aqueous extract of the beans soon became colored when ex- 
posed to the air, passing through several shades of color, finally 
becoming black. 

It was thought at first that this behavior was due to the action 
of an oxidizing enzyme upon a p-hydroxypheny! compound occur- 
ring in the beans, but it later became evident that an enzyme is 
not necessarily concerned in the reaction. This conclusion is 
supported by the fact that an extract of the beans prepared by 
boiling with strong alcohol, filtering, and evaporating to dryness 
will in a short time turn black if mixed with water and kept 
exposed to the air. 

Further examination developed the interesting fact that both 
the aqueous and the alcoholic extracts react with ferric chloride 
producing a light green color which changes to a beautiful reddish 
purple upon the addition of sodium carbonate or other alkali or 
by the addition of sodium acetate. 

It was also observed that both aqueous and alcoholic extracts 
became colored reddish to brown immediately upon addition of 
an alkali, the degree and shade of color depending upon the 
strength and concentration of the alkali. This phenolic substance 
is sensitive to such weak organic bases as pyridine and quinoline. 
The moist powdered beans when mixed with either of these bases 
and exposed to the air became colored more rapidly than the 


* Published with the permission of the Director of the Alabama Agri- 
cultural Experiment Station. 
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moist powder alone. With strong organic bases such as piper- 
idine and benzylamine the production of color is much more 
pronounced. 

These reactions indicate that the phenolic substance is either 
pyrocatechin or a pyrocatechin derivative. The fact that an 
alcoholic extract which gave no reaction for protein did give a 
pronounced test for nitrogen suggested that the compound in 
question might be an amino-acid and at this point it was learned 
that Torquati,' in 1913, had separated from seedlings and from the 
pods of Vicia faba a nitrogenous substance which in its chemical 
reactions showed striking resemblances to this phenolic substance 
now separated from velvet beans. Also that Guggenheim? a 
little later had separated the substance from the pods of Vieza 
faba and had identified it as the amino-acid, 3-4-dihydroxyphenyl- 

; HO ' “re ' . 
alanine, HO ~CH.—CH(NH.2)COOH, which Funk® had 
synthesized in 1911, starting with 3-4-carbonyldihydroxybenzal- 
dehyde and hippuric acid, following the method of Erlenmeyer 
and Halsey’ for the synthesis of tyrosine, 


Ne paration of the Phenolic Substance. 


Following, in the main, the methods of Torquati and Guggen- 
heim, the author extracted a quantity of the powdered beans by 
maceration and percolation with a weak aqueous solution of sulfur 
dioxide containing a small amount of acetie acid. The clear 
liquid which resulted was then treated with a 20 per cent solution 
of neutral lead acetate as long as a precipitate was formed. After 
filtration, which in some cases was difficult, the filtrate was made 
slightly alkaline with ammonia water, which caused precipitation 
of the lead compound of the amino-acid. This was filtered off, 
washed, suspended in water, and decomposed by a current of 
hydrogen sulfide. After removal of the precipitated lead sulfide, 
the filtrate was evaporated to dryness on a water bath under 


912 2 


1 Torquati, T., Arch. farm. sperim., 1913, xv, 213, 308. 
2 Guggenheim, M., Z. physiol. Chem., 1913, 1xxxviii, 276. 
Funk, C., J. Chem. Soc., 1911, xeix, 554. 
‘ Erlenmeyer, E., Jr., and Halsey, J. T., Ann. Chem., 1899, ecevii, 138; 
Ber. chem. Ges., 1897, xxx, 2981. 
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275° and Guggenheim reported the melting point of his compound 


to be 280°. 


Pre paration of the Tribe n zoyl De rivalti 


1.5 gm. of the amino-acid in 300 ec. of a 10 per cent aqueous 
solution of sodium bicarbonate were mixed with 9.5 gm. of ben- 
zoyl chloride and shaken until the odor of the latter had practi- 
cally disappeared. The brown, amorphous mass which separated 
was filtered off, washed, dissolved in glacial acetic acid, and again 


precipitated by pouring the solution into water. 


which separated was filtered off and crystallized from alcohol. 
After recrystallization the substance was obtained in the form 
of small colorless needles. The melting point was found to be 


fairly sharp at 170°, with some decomposition. 


sponding derivative of his compound Guggenheim reported the 


melting point 170° (not sharp). 


A Kjeldahl nitrogen estimation of the tribenzoyl derivative 
gave the following result. 0.287 gm. of the substance yielded 
sufficient ammonia to neutralize 6.0 cc. of 0.1 N sulfuric acid, corre- 
sponding to 2.92 per cent of nitrogen. Guggenheim found 2.9 


per cent of nitrogen in his tribenzoyl derivative. 
C.HsCO—O 


C,.H;CO—O CH CH(NHOCC,.H 


requires 2.75 per cent of nitrogen. In the present case not all the 
substance used for the nitrogen determination was as pure as the 
portion used for the melting point determination, which probably 


accounts for the somewhat high result. 


Conversion into Protocatechuic Acid. 


A small amount of the substance under investigation was fused 
with about ten times its own weight of potassium hydroxide, 
cooled, taken up in water, acidulated with sulfuric acid, and ex- 


diminished pressure in a current of carbon dioxide. 
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was crystallized from hot dilute alcohol. The crystalline sub- 
stance was found to have a melting point of 275—-276° with decom- 
position. The compound obtained by Torquati melted at 273 


The substance 


For the corre- 


The formula 


COOH 


The residue 
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tracted with ether. After standing a short time there was formed 
in the thick, dark brown residue left by distilling off the ether a 
quantity of fine needle-shaped crystals. These were found to 
be readily soluble in water or alcohol, somewhat less so in ether, 
and very sparingly soluble in boiling benzene by means of which 
the substance was separated and purified. The melting point 
was found to be 197°. For his compound Guggenheim found the 
melting point 195°. Works of reference generally give the melt- 
ing point of protocatechuic acid as 198-199°. 

The substance obtained by this alkali fusion also agreed with 
protocatechuie acid in that it gave with ferric chloride a bluish 
green color which was changed to a deep red upon the addition 
of sodium carbonate. 


Solubility and Reaction s of the A Pridaid -Ac d. 


So far water seems to be the best solvent for this compound 
since no other solvent used extracts it from the powdered beans 
so readily; however, on account of its instability in water in the 
presence of air an effort was made to find an organic solvent for 
it. Of a great many liquids tried only ethyl and methyl alcohols 
could be used. In ether, petroleum ether, acetic ether, chloroform, 
benzene, acetone, and many others it is practically insoluble. 
With dry powdered beans and dry solvent it is not extracted even 
by boiling with the liquids named. 

Both methyl and ethyl alcohol extract it in the cold, though 
very slowly. The process is hastened by the use of heat, but even 
at the boiling point these solvents extract it slowly. Extrac- 
tion with hot 50 to 75 per cent alcohol will prob ibly prove to be 
most satisfactory. 

The identity of the compound separated from velvet beans with 
that separated by Torquati and Guggenheim from the pods of 
Vicia faba is further shown by complete agreement of their 
chemical reactions, as follows: 

1. With ferrie chloride it produces a green color which is 
changed to reddish purple upon the addition of an alkali. 


2. With alkalies alone it turns reddish brown, finally black. 


3. It immediately reduces an ammoniacal solution of silvet 
nitrate. 
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1. An aqueous solution of the amino-acid dissolves freshly pre- 
pared copper carbonate forming a blue or greenish blue solution 
in which a black flocculent substance quickly forms. 

5. An aqueous solution slightly acidulated with sulfuric acid 
immediately decolorizes a solution of potassium permanganate. 

6. With a solution of mercuric chloride in distilled water it 
seems to produce no color, but upon the addition of a small 
amount of sodium acetate there is produced a bright red color. 
Usually if hydrant water is used the red color is produced at once. 

7. When a small amount of the substance in aqueous solution 
is added to a solution of potassium ferricyanide containing some 
ferric chloride a blue or greenish blue color is produced immedi- 
ately, showing that reduction has occurred. 

8. With a dilute solution of iodine, or bromine or iodic acid, it 
produces a pink to red solution depending upon concentration. 

9. With potassium ferricyanide solution it produces a deep red 
color. 

It is of some interest to note that in all these reactions the 
amino-acid behaves like the base adrenalin. 

10. An aqueous solution of this substance produces decided 
effervescence when mixed with nitrous acid. This is in harmony 


with its amino-acid character. 


Pr ence of the Amino-A d } Othe V arteties of Vel él Beans 


So far the writer has actually separated the previously men- 
tioned amino-acid only from the seed of the Karly Speckled Ol 
Georgia velvet bean, but most of the reactions given above were 
applied to aqueous extracts of twenty-six varieties of velvet beans 
obtained from the Alabama, Georgia, and Florida Agricultural 
Experiment Stations. In all cases the characteristic reactions 
of the amino-acid were obtained. The same reactions were also 
obtained with extracts of the Yokohama® and Lyon beans. It 
is therefore highly probable that 3-4-dihydroxyphenylalanine is a 
characteristic constituent of the seeds of plants of the genus 
Stizolobium. 

Seeds from several species of other genera of the family Legu- 


minose were tested in the same way but with negative results. 


Stizolobium hassjoo Piper and Tracy. 


Stizolobium niveum (Roxburgh) Kuntze 
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Pharmacological Action ' 


Of even greater interest than the chemical constitution of this 
substance is the question of its pharmacological action. 
As the result of experiments upon guinea pigs Guggenheim 





concluded that the substance is rather indifferent pharmacologi- 
cally. 

However, in an experiment upon himself in which he took 2.5 
gm. by mouth he experienced great distress within about 10 

{ minutes and vomited twice, thus showing that the substance is 
\ not wholly harmless. 

At the Florida Agricultural Experiment Station several persons 
ate small amounts of cooked Lyon beans with the result that some 
who ate of them experienced both vomiting and purging. 

When one considers that this substance is rather closely related 
chemically to the powerful base adrenalin it is quite probable 
that long continued feeding of velvet beans might cause such 
harmful results as have been observed. 


; Further work upon this amino-acid is in progress. 











A TEST FOR ANTIBERI-BERI VITAMINE AND ITS 
PRACTICAL APPLICATION.* 


By CASIMIR FUNK ann HARRY E. DUBIN, 


From the Research Laboratory of H. A. Metz, Ne } 
PLATE 1. 


Received for publication, August 11, 1920. 


INTRODUCTION. 


In 1912, one of us (C. F.) experimented with antiberi-beri 
vitamine to see if it could act as a coferment in alcoholic fermen- 
tation. The experiments were unsuccessful at that time, but 
now through the work of Williams,! Bachmann,? and Eddy and 
Stevenson® the subject has attained new interest Their results 
seem to prove that vitamine activity can be measured by the 
growth of yeast cells, and would permit of dispensing with ani- 
mal experimentation in the initial stages of vitamine fractionation. 

Because of the uncertainty of the Bachmann fermentation test 
and the complicated procedure of Eddy’s test, it was thought 
desirable to develop a more simple method which would facilitate 
our contemplated vitamine fractionation work, whicl we shall 
lise ISS in aqaetall tater 
Since our preliminary communication, Williams has published 


method somewhat analogous to ours but not quite so easily or 


so quickly manipulated. 


Read be f re the Pocie ty ior expe riment i] Bi »] gy an 1 Me dicine, 
New Haven, May 22, 1920 
Williams, R. J., J. Biol. Chem., 1919, xxxvin, 465. 


Bachmann, F. M., J. Biol. Chem., 1919, xxxix, 235. 
Eddy, W. H., and Stevenson, H. C., Proc. Soc. Exp. Biol. and Med., 
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Vethod. 


Our procedure is as follows. A yeast suspension is prepared 
by shaking a loopful of a 48 hours pure yeast culture in 100 ec. of 
Nigeli solution on a shaking machine for 3 hours. Duplicate 
sets of tubes ordinary bacteriological test-tubes) are prepared 


containing: 


1) 4 ee. yeast suspension + 5 ce. Niigeli + 1 ee. water. 

2) 1 ee. unknown vitamine solution + 5 ec. Nigeli + 4 ce. 
water. 

3) 1 ec. unknown vitamine solution + 5 ee. Nigeli + 4 ce. 


veast suspension. 

The tubes are incubated for 20 hours at 30°C., and the fer- 
mentation is then interrupted by heating the contents of the 
tubes to 75°C. in a water bath for a few minutes. This step is 
of importance as otherwise the continuing fermentation would 
interfere with the subsequent centrifugation. The contents of 
the tubes are now transferred to special centrifuge tubes, the 
bottom part of which ends in a capillary 2.5 em. long and divided 
into mm., as shown in the full size photograph (Fig. 1). The 
transfer is made quantitatively by washing four times with 1 ce. 
portions of water. A piece of wire about half the size of the 
capillary is then used to force the air out of the capillary of the 
centrifuge tube, and the wire washed with a few drops of water. 

The tubes are now centrifuged at about 2,500 revolutions per 
minute for 15 minutes, and the reading on the capillary is made 
without much delay as there is a tendency for the yeast cells 
to swell slightly after a time. The centrifuge tubes are easily 
cleaned with the aid of the piece of wire, used as a ramrod., 

The reading of Tube 1 constitutes the blank and must be 
subtracted from the reading of Tube 3; Tube 2 shows no growth 
of veast cells and is included in the test merely as an extra con- 
trol. Sterility during the entire process, excepting centrifuga- 
tion, is of paramount importance. A microscopic examination 
of the centrifuged mass showed well formed yeast cells only. 

The above procedure was so well standardized that the con 
trols with yeast suspension and Niigeli alone were practically 
constant at 3.5 mm. Tests which did not give a reading of at 
least 4.5 mm. were considered to indicate the inactivity of the 
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substance the vitamine content of which was being investigated. 
Duplicate experiments checked very well, so that the method 
appeared to be applicable for a quantitative determination. It 
was noticed, however, that the amount of growth of veast cells 
obtained, as shown by the reading of the centrifuge tube, does 
not double if the amount of vitamine is doubled. 

By trying varying amounts of vitamine, a curve was estab- 
lished—using autolyzed veast as a source of vitamine and as 


standard—by which it is possible to approximate the vitamune 


4 
= 
. 
0.2 5 0.4 0.5 0.6 0.7 8 
Cc. of autolyzed yeast 
Cuart 1. Vitamine activity shown by increasing amounts of autolyzed 
yeast. 


content of an unknown substance in terms of the standard, 
autolvzed veast 

The method is sensitive to 0.0001 ec. of autolyzed yeast, but 
the test is best arranged so that the amount of unknown sub- 
stance used corresponds to 0.05 ec. of autolyzed veast, since in 
the interval between 0.01 and 0.1 cc. of autolyzed yeast the curve 
climbs up abruptly and small differences can be read with facility. 

It will be noticed (Chart 1) that although the curve as a whole 
tends to flatten out, that part of the curve between 0.01 and 0.1 
ec. is practically a straight line, and it is this part of the curve 
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plotted separately (Chart 2), that is best 


used in determining 
the activity of a substance. Should the test vield a too volum- 
inous growth of yeast cells, the solution being tested may be 
diluted so that the amount taken for a test (1 « 


result that will be readable on Chart 2 


‘c.) will give a 





0.01 002 003 004 005 006 007 O08 009 O] 
Ge of autolyzed yeast 


Cuart 2. Vitamine activity shown by 


' 
increasing amounts of autolyzed 





2 Z 3 4.0 45 5.0 
Cc f vea SUSDeNnsIONn 
CuHart 3. Effect varying amounts of yeast suspension. 
In order to determine whether or not the amount of veast 
; : } } : he final 
suspension used in the test has any effect upon the fina! resul 
a seri S of experiments Was made in which the amount of Luto- 
ly Awe veast was constant 0.01 ce.). wl ile the quantit ) S 
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suspension was varied from 0.5 to 5.0 ec. Chart 3 shows that 


the variation of the amount of veast suspension has verv little 


effect on the final result, as obtained by our method, whereas in 


Kddvy’s method the number of cells incubate d varies the cor trols 


to an undesirable extent. 


DISCUSSION, 


Using, as we did, autolvzed yeast as a source of antiberi-ber 
vitamine, we have evidence in the flattening out of our curve 
that there are inhibiting substances present. In no case did we 
find an exact direct proportionality. This shows that at present 
the method cannot be applied for the purpose of comparing 
the vitamine content of different substances, because not only 
the amount of vitamine but also the inhibitory substances ma 
arv. It may be noted here that Williams‘ did obtain a propor- 
tionality in certain concentrations, using a vitamine solution of 
unstated origin, but he also notices the presence of inhibitory 
substances. At any rate, for the purposes of approximating the 


vitamine activity under usual conditions, our yeast curve is 


ot greater advantage than that of Williams beea Ist the natura! 
veast extract used compares with natural extracts of substances 


to be te sted. 

We must, of course, be careful in interpreting results obtained 
bv any of the present methods. A negative result ma simply 
mean the presence of inhil itory substances, whereas a positive 
result very likely indicates the presence of antiberi-beri or 
B vitamine. However, in working with one substance only, as 
for example autolyzed veast, the results obtained are of real 
value in showing the extent of activity and the removal of inhibi- 
tory substances at various stages of veast fractionation and 
purification. 

Our findings suggest that in curing beri-beri pigeons or in 
studying growth in rats, we may encounter the same difficulty; 
namely, that treating with crude vitamine-containing substances 
may give us the results as affected by the presence of inhibiting 
elements, and may not be at all indicative of the true value of 
the substance fed. 

We feel also that a quantitative estimation of the vitamine 
content of any product is possible only if the factor of inhibition 


ean be removed or obviated. 
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Specificity Tests. 


After a method well suited to our needs had been developed, 
it was then believed worth while to determine how far the test is 
specific for antiberi-beri vitamine. To this end, various sub- 
stances were tried with results as shown in Table I. 

Very small amounts of purified vitamine fractions from yeast 
prepared by Funk® in 1912 and analyzed in 1913 still retained 
their activity though somewhat attenuated. Eddy has likewise 
tested these fractions with similar results. 

Urine exhibited activity, thus corroborating Muckenfuss® and 
Gaglio,’? who also found vitamine in urine. This test may prove 
to be of clinical value later on, but possibly blood could be used 
to greater advantage for diagnostic purposes. 

Saliva was found inactive, and this was also the case with 
polished rice, in spite of the recent statement of Green® to the 
contrary. 

Corn and wheat, separated from the germ by the method of 
Voegtlin and Myers? still exhibited considerable activity although 
about ten times less than that shown by the germ-containing 
portion. 

Among the substances showing no activity were leucine, 
tryptophane, allantoin, hydantoin, nicotinic acid, a mixture of 
ten purine and pyrimidine bases, and a mixture of six amino- 
acids. 

Extracted meat and starch, Crisco and lard, autoclaved at 30 
pounds for 3 hours, showed no activity. These extracted and 
autoclaved foodstuffs are now being used in our laboratory for 
dietary experiments with rats. We are using this method of 
establishing the absence of vitamine B from the experimental 
diets. 

Orange juice was found to be active but on shaking with full- 
ers’ earth (50 gm. per liter) for 6 hours it lost some of its activity; 
shaking with 200 gm. per liter removed all the active substance 


from orange juice. 


° Funk, C., J. Physiol., 1912-13, xlv, 75; 1918, xlvi, 173. 

6 Muckenfuss, A. M., J. Am. Chem. Soc., 1918, xl, 1606. 

7 Gaglio, G., Policlinico, 1919, xxvi, 1381. 

*Green, H. H., South African J. Sc., 1918, xiv, 483. 

* Voegtlin, C., and Myers, C. N., Am. J. Physiol., 1919, xlviii, 504. 
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rABLE 1, 
Specificity Tests. 
N Substance tested Activity.* 
l 0.6 mg. crude vitamine fraction (1912 2.V 
2 0.4 *“ $6 “ " 1913, No. ] 1.0 
3 oA ss _ " 1913, No. 2 2.5 
i l ec. urine.. 1.0 
5 12 mg. thyroid desiccated 2.0 
6 | 75 ee. pituitary 2.0 
7 100 mg. corn (minus the germ 5.0 
S Corn germ 10.0 
9g 100 mg. wheat (minus the germ 3.5 
10 100 * ” germ 6.5 
1] l ec. orange juice 10.5 
12 ee ' shaken for 6 hrs. with fullers’ 
earth (50 gm. per liter 3.5 
13 1 cc. orange juice shaken for 6 hrs. with fullers’ 
earth (200 gm. per liter ; Re aca 0 
14 0.05 ce. autolyzed yeast (protein-free , , 11.5 
15 0.05 “ . “shaken with fullers’ earth 
50 gm. per liter) for 6 hrs 6.0 
16 0.05 ec. autolyzed yeast shaken with fullers’ earth 
200 gm. per liter) for 6 hrs 3.5 
17 150 mg. polished rice 0 
IS 20 “  hydantoin Negative.! 
19 20 “ nicotinie acid 0 
20 20 “ leucine v 
21 20 “ allantoin , 0 
22 l ec. saliva Negative. 
23 | 3 mg. pilocarpine 0 
24 10 “ tryptophane 0 
25 0.01 ec. cod liver oil (watery extract).. 0 
26 1 cc. of a solution representing 10 mg. each of a 
mixture of ten purine and pyrimidine bases Negative. 
27 1 ec. of a solution representing 10 mg. each of a 
mixture of six amino-acids U 
*It should be borne in mind that a blank determination is run with 
every test and that the figures in the ‘“‘activity’’ column represent actual 
readings with the blank already subtracted. 
+ A “‘zero’’ reading means that the actual reading was exactly the same 
as the blank. 
t A ‘‘negative’’ result signifies that the actual reading obtained was 
less than the blank, which would indicate that there has been some inhi- 





bition which retarded the growth of the yeast cells 
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Autolyzed yeast, shaken with fullers’ earth (200 gm. per liter), 
had lost the greater part of its activity; larger amounts of fullers’ 
earth would indoubtedly remove all the antiberi-beri vitamine. 

\ watery extract of cod liver oil proved to be inactive. 

Pilocarpine, found by Dutcher’? to be curative for beri-beri 
pigeons, showed no activity, while desiccated thyroid gland was 
active, as it contained some cellular constituents. Pituitary gland 
was likewise found active, for the same reason. These alleged 


curing experiments with pilocarpine and thyroxin are most likely 


due to stimulation of metabolism and setting free of the vitamin 
in the organs. 
[ f] ( yf | 0 By iye ni ; P OC f | f 7 


As a preliminary to a systematic fractionation of autolyzed 
veast, we studied the activity of the veast under varving condi- 
tions. A definite amount of the veast was treated in a certain 
way after which its activity was tested, and, since the quantity 
of veast ultimately taken for a test always corresponded to 
0.05 ce. of the original veast, the results obtained were directly 
comparable with each other. The following is a brief résumé of 
our findings, as recorded in Table IT. 

1. Oxidation with oxygen and platinum sponge has no effect 
upon the activity. 

2. Reduction with palladium chloride and hydrogen increases 
the activity, either because of a true reduction of the vitamine 


( 


r because of the removal of some inhibiting substances. 
3. Oxidation with potassium permanganate in neutral and in 
acid media reduces the activity. 

t. Oxidation with hydrogen peroxide prevents the growth of 
veast cells, but if the peroxide is removed before making the 
test then no lessening in the activity results. This indicates 
that the mere presence of peroxide, and likely of permanganate 
too, serves to prevent the growth of veast cells. 

5. Reduction with zine dust and sulfuric acid increases the 


activity. 


109 Dutcher, R. A., J. Biol. Chem., 1919, xxxix, 63 
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6. Addition of zinc dust to yeast has no effect upon the activity. 
7. After precipitating with lead acetate, removing the lead 
with H.S, there is a marked increase of activity due undoubtedly 


Ss. Precipitation with silver acetate slightly reduces the activity 


9. Both mercuric sulfate and mercuric chloride precipitations 


Activity 1 utolyzed 


10.5 
10.5 


rS hrs 10.5 


Reduction with palladium chloride and hydrogen for 


S hrs 


Treatment with nitrous acid 
Oxidation with hydrogen peroxide 


Same as No. 6 but with peroxide removed befor 


testing 


Reduction with zin 


Treatment 


Boiling for 3 hrs 


Oxidation with p 


Same as No. 11 
Lead acetate 
Silver 


Mercurie sulfate 


chlorid 


Extracted with ether 
* See foot-notes to Tables I and III. 


Nitrous acid increases the aetivit 


mmonds" also have found that 


rous acid. 


Ether of itself extracts nothing that 


‘Collum 





ist and sulfuric ac 


somewhat. McCollum 


B vitamine is not affected 


active trom 2uto 


lyzed yeast, but to the slight extent that yeast is soluble in ether, 


the ether extract shows a correspondingly slight activity 


Kk. V., and Simmonds, N., J. Biol. Chem., 1917, xxxiii, 55 
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Fractionation of Autolyzed Yeast. 


The starting point in this work was an extract of autolyzed 
yeast, because such an extract is very rich in antiberi-beri vita- 
mine. For example, two extracts were prepared; (1) by the 
method of Osborne and Wakeman,” and (2) by our method 
which consisted of autolyzing the yeast and then boiling it to 
remove the coagulable protein. The same quantity of yeast 
was used in each case and the final concentration in each was the 
same. It is of interest, therefore, to note that whereas the first 
extract—according to the method of Osborne and Wakeman 
contained only one-fifth of the nitrogenous substances present 
in the second extract, the latter was many times more active than 
the former in spite of the large amount of impurities present. 
It was this finding which prompted us to autolyze the yeast 
before extracting it. 

The subsequent fractionation was carried out as follows: 

Starting with a definite amount of veast extract the nitrogen 
content of which had been determined and the vitamine activity 
of which had been established by the method just described, lead 
acetate was added to complete precipitation, and the excess lead 
removed with H-eS, which was in turn removed by vacuum evapo- 
ration. The solution was then made up to original volume and 
the nitrogen content and vitamine activity were again deter- 
mined. The same procedure was then repeated with mercuric 
sulfate, silver acetate, and mercuric chloride, respectively, the 
nitrogen content and vitamine activity being determined each 
time, after eliminating the precipitating reagent and making up 
to the original volume. 

The solution was then acidified with HC] and treated with 
nitrous oxide, after which it was extracted with ether, and the 
ether washed with water, the washings being added to the ex- 
tracted solution. The nitrogen and vitamine activity were again 
determined. The vitamine activity of the ether extract was also 
determined. 

The final step was the reduction of the solution with hvdrogen 
and palladium. The results obtained are summarized in Table 


II] from which it may be seen that the total! nitrogen content 


Osborne, T. B., and Wakeman, A. J., J. Biol. Chen 1919, xl, 383. 
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has been reduced from 14.89 ‘to 4.55 gm., while the vitamine 
activity has been reduced from a reading of 10.5 to 5.5 mm 
When it is considered that the original yeast had been manipu- 





lated for a period of 12 weeks through a series of four precipita- 





PABLE II 
Activity of Autolyzed Yeast at Various Stages of Purification. 
N Substa tested and procedure employed. * Nitroge Act 
l Original protein-free yeast 14.89 10.5 
2 No. 1 plus lead acetate—filtrate 12.S4 2U.0 
3 Concentration of filtrate of No. 2 yielded 
o 6 gm. of substance which crystallized 
} out—10 mg Negative. 
; j No. 2 filtrate plus mercuric sulfate 
; filtrate 12.18 9.5 
' 5 Mercurie sulfate precipitate decom- 
fF posed and dissolved in water 2.5 
H 6 No. 4 filtrate plus silver acetate 
filtrate...... a 11.20 5.0 
7 | Silver acetate precipitate decomposed 
and dissolved in water 3.9 
5 No. 6 filtrate plus mercuric chloride 
f filtrate..... 10.3 12.0 
9 Mercuric chloride precipitate decom- 
posed and dissolved in water Negative. 
10 | No. 8 filtrate plus nitrous acid +.55 +.07 
11 Ether extract of No. 10 Negative. 
12 After extracting No. 10 with ether, it 
was reduced with hydrogen and pal- 
ladium..... come Me 5.5 


* All the tests made corresponded to 0.05 cc. of original protein-free 
autolyzed yeast, so that the activity as shown by one test is directly com- 
parable to that of any other test. 

t The reduced activity noted here is due to certain causes which will 
be explained in a later paper. It may be seen from No. 5, Table II, that 
nitrous acid materially increases the activity of the yeast. 


tions, a diazotization, and a reduction, together with unavoidable 
small losses at every stage, it is indeed worthy of record that the 
loss of activity was no greater than that found. As for the loss 
in activity during the diazotization, we have learned the cause 
and eliminated it in our subsequent work so that our end-product 
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will show even greater activity than that recorded. Incidentally 
the many manipulations speak well for the stability of the anti- 
beri-beri vitamine under various conditions. 


SUMMARY AND CONCLUSION. 


We have described a method for testing the antiberi-beri 
vitamine content of various substances, using autolyzed veast as 
wu standard. We have used the method in determining the 
approximate vitamine activity of a number of produets, and in 
observing the activity of autolyzed yeast under various condi- 
tions. By this method we have also been able to carry out a 
systematic fractionation of autolyzed yeast testing the vitamin 
activity at each stage of the purification. 

Despite the apparent uncertainty surrounding the whole pro! 
lem of the vitamines, it is nevertheless readily admitted that only 
with some such method as we have described for the testing of 
vitamine activity, is it possible to make greater strides in the 
attempt to isolate and identify the B vitamuine. 

Some investigators believe that the B vitamine is not identical 
with the substance promoting the growth of yeast. Regarding 
this contention, we are not prepared as yet to make any definit 
statement. However, the question, whether we are dealing with 
one vitamine—at least as found in original extraets—or with two 
vitamines existing side by side, is at present under further inves- 
tigation, and will be reported at a later date. 


EXPLANATION OF PLATE 1. 


Fig. 1. The tube at the left shows the reading of the blank, while the 


other two tubes show the readings obtained with different amounts of 


autolyzed yeast. 

















PLATE 1 
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AMINO-ACIDS OF GELATIN. 


By H. D. DAKIN. 
BF om Scarbo ough-on Hudsor 


Received for publication, August 25, 1920 


The accurate separation and estimation of the products formed 
by the hydrolysis of proteins still present a problem which is far 
from solved though many improvements have been made in 
recent years. The importance of the problem requires no 
emphasis. 

In recent communications (1918, 1919) the writer has shown 
that certain approximate separations of amino-acids could be 
effected by the use of partially miscible solvents such as buty] 
alcohol. Under appropriate conditions the feebly ionized mono- 
amino-acids and proline are readily extracted while the strongly 
ionized bases and dicarboxylic acids remain behind. The method 
held out promise of material improvements in the analysis of the 
products of hydrolysis of proteins. With the experience gained 
in the use of the method in separating some of the products from 
casein, glutenin, and gliadin as a guide, it was decided to select 
a protein of medium complexity and to endeavor to separate its 
products of hydrolysis as completely as possible. Gelatin was 
the protein selected partly because existing analyses were excep- 
tionally incomplete and also because the reputed absence of 
tryptophane and tyrosine appeared to simplify the problem 
somewhat. As a matter of fact traces of tyrosine were always 
found and the complications due to the presence of large amounts 
of glycine and hydroxyproline more than counterbalanced any 
advantage from the absence of tryptophane. However, a fail 
separation of most of the amino-acids from gelatin has been 
made, making up a total of somewhat over 90 per cent of the 
gelatin taken. Some indication has been obtained as to the 
nature of the remainder, while the definite absence of several 
amino-acids has been established whose occurrence was pre- 
viously a matter of doubt. 
| 199 
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In the following sections an account is first given of the general 
line of attack followed in the endeavor to separate and estimate 
the various amino-acids from gelatin. The separate amino- 
acids are then considered in detail together with an account of 
the practical details used in their isolation. After the individual 
amino-acids have been considered, a short discussion of the 
results is given together with a comparison of those previously 
recorded. Finally a description is given of the preparation and 
properties of a new tricyclic peptide isolated from gelatin, hy- 
droxyprolylproline anhydride, and also the preparation of inac- 
tive proline hydantoin. 


EXPERIMENTAL, 


The presentation of the experimental results in a concise form 
has certain difficulties since they relate to something over a 
dozen separate analyses in each of which some particular group 
of amino-acids was specially investigated. The preparation of 
the hydrolyzed material was substantially the same in all cases 
and was as follows: 


About 250 gm. of moist gelatin (gold or silver label) were boiled for 12 
to 20 hours with sulfuric acid (300 gm.) and water (650 ec. The solution 
was then transferred to a porcelain beaker and heated for 8 hours in an 
autoclave at 135-140°. The liquid was then diluted with hot water and 
barium hydroxide added until Congo paper was no longer turned blue. 
The barium sulfate was removed by filtration and the precipitate digested 
three times with additional hot water. The combined filtrates were con- 
centrated under low pressure to a thin syrup and made up to a known 
volume; e.g., 500 ce. The actual content of gelatin products was deter- 
mined by analyzing an aliquot part for total nitrogen, adopting 18 per cent 
as the nitrogen content of gelatin. The solution was still fairly strongly 
acid to litmus and no loss of ammonia had occurred. For extraction with 
butyl alcohol an amount of solution equivalent to 100 to 150 gm. of gelatin 
was generally used. In order to avoid unnecessary repetition it may be 
stated at this point that evaporations of the amino-acid solutions at every 
stage were carried out under reduced pressure and that highly purified 
reagents were used for the constantly recurring precipitations. Omission 
of these obvious precautions lead to errors of considerable magnitude. 
Innumerable analyses of the various fractions were carried out by element- 
ary combustion, by the Kjeldahl and Van Slyke methods, and by polari- 
metric observations. Only a few of these results are worth recording but 
collectively they furnished valuable information as to the progress of the 
various separations, 
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Extraction with Butyl Alcohol at Normal Pressure. 


The extraction of hydrolyzed gelatin with boiling buty] alcohol 
under atmospheric pressure was carried out under the same 
conditions as those previously described in connection with 
casein. A Kutscher-Steudel apparatus was used and the liquid 
to be extracted was kept at about 60°C. by means of a bath or 
minute flame. A Pyrex or Jena flask was used as container for 
the butyl alcohol and in order to promote rapid boiling the flask 
was placed in a tin with high walls. The bottom of the tin was 
cut out with the exception of a small rim and replaced by a single 
layer each of iron gauze and thin asbestos paper. A fairly large 
Bunsen flame surrounded by a gauze jacket secured a rapid 
circulation of the butyl alcohol. Soon after commencing the 
experiment large amounts of proline were rapidly extracted and 
remained in solution in the butyl alcohol, while a fine granular 
precipitate of amino-acids separated out precisely as in the 
experiments with hydrolyzed casein. At intervals of 12 to 24 
hours the extraction vessel was changed and the buty! alcohol 
renewed. 

Solid Extracted Amino-Acids.—The granular precipitate of 
amino-acids first accumulating in the extraction flask was filtered 
off and washed with alcohol and dried. It was found to contain 
the leucine, phenylalanine, alanine, and some of the hydroxy- 
proline. After about 48 hours extraction the character of the 
deposit changed and became progressively less granular, finally 
assuming a pasty quality. Furthermore it was found that, 
unlike the experiments with casein products, it was almost impos- 
sible to bring the extraction to an end within a reasonable time, 
so that even after a week’s extraction solid amino-acids were 
still accumulating. The reason for this divergent behavior was 
found to arise from the presence of large amounts of glycine and 
hydroxyproline. Glycine, unlike alanine and its higher homo- 
logues, is extracted by butyl alcohol under the present condi- 
tions with great slowness, so that even after a week’s extraction 
only about a fifth of the total glycine is removed. The hydroxy- 
proline is more readily extracted than glycine and its extrac- 
tion may be carried to virtual completion but its large amount in 
gelatin leads to its appearance in early and late fractions. 
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The following data indicate the general course of a typical 
extraction so far as the solid amino-acids are concerned. 115 
gm. of hydrolyzed gelatin gave on extraction 36 gm. of solid 
amino-acids washed with alcohol and ether and dried at 110°. 
Chey contained 13.72 per cent total nitrogen and 10.52 per cent 
amino nitrogen the difference of 3.2 per cent being due, apparently 
exclusively, to hydroxyproline. The specific rotation of the 
mixture in 5 per cent aqueous solution was —18.8°. About 10 
per cent of glycine (3.6 gm.) was separable as ethyl ester hydro- 
chloride. The remainder was made up of the amino-acids already 
enumerated. The most painstaking examination of the aqueous 
liquid remaining after extraction failed to show the presence of 
even traces of alanine, valine, leucines, or phenylalanine, when 
worked up by the ester method. It therefore appeared that the 
solid amino-acids extracted as above described could safely be 
used for the estimation of these amino-acids while the estimation 
of glycine and hydroxyproline required other methods. 

Fraction Soluble in Alcohols. As in the expermments with 
hydrolyzed casein already referred to, it was found that proline 
from gelatin was readily extracted by butyl alcohol and naturally 
remained in solution. But as will be shown shortly, the material] 
thus extracted when working under ordinary pressure is not 
well suited for the separation and isolation of proline 

The butyl alcoholic solutions were evaporated under reduced 
pressure and the dry residue was taken up in ethyl alcohol and 
allowed to stand for several days at 0° in order to separate traces 
of other acids. This separation seldom amounted to over 1 gm. 
per 100 gm. of gelatin and it was filtered off and added to the 
main bulk of solid amino-acids. The alcoholic filtrate was 
evaporated, taken up in water, clarified with charcoal, and 
filtered. 

It was found that this crude “proline fraction’? was incapable 
of much purification by using the alcohol-soluble copper salts or 
by using phosphotungstie acid. But a considerable purification 
was effected by pretipitating the mixture in 10 per cent solution 
with saturated mercuric acetate solution (2 mols) and barium 
hydroxide (2 mols). The latter reagent was most conveniently 
dissolved in five parts of hot water, filtered, cooled with shaking, 


ind the magma of fine crystals added with vigorous stirring to the 
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proline and mercuric acetate solution. A bulky white precipitate 


containing various amino-acid impurities was produced, filtered 


off at once, and washed with cold water. This operation should 


be done quickly so as to avoid oxidation of proline by the alkaline 


mercuric salts. An amount of sulfuric acid roughly equivalent 


to the barium hydroxide was at once added and the turbid solu- 


tion saturated with hydrogen sulfide in a closed flask. After 


filtration the liquid was exactly freed from barium or sulfuric 


acid and then concentrated under reduced pressure. The whole 


of the proline present is found in the aqueous solution, ior, as 


Sérensen has shown, it is not precipitated by alkaline mercurie 


acetate like most amino-acids, 


On drving 


the evaporated solution, a brittle hygroscopic partly 


crystalline mass is obtained. (The crystals were subsequently 


found to be largely y-hydroxyprolylproline anhydride. See later.) 


Three separate specimens on analysis gave 52.5, 52.9, 53.1 
per cent carbon, 7.52, 7.67, 7.68 per cent hydrogen. The total 


nitrogen varied from 12.5 to 13.1, and the amino nitrogen was 


0.1 to 0.2 per cent. Although the figures are fairly close to those 


»*) 


required for proline 52.2 per cent carbon. 7.83 pel cent hvdroge n, 


12.2 per cent nitrogen) a large part of the product was made up 


of evclic anhydrides containing at least one proling nucieus., 


The 


specific rotation varied from —52° to —75°. That this low 


result was not due to partial racemization of the proline was 


proved by the complete solubilitv of the copper salts in methyl 


alcohol. The presence ot the evelie anhydrides Was proved 


} 


by hydrolysis under pressure with hydrobromic acid at 140 


After 


successive treatments with silver oxide and hydrogen 


sulfide in the usual way the presence of hydroxyproline and some 


leucine was readily determined. 


Th 


above experiments illustrate the dangers of acc pting too 


readily figures for the apparent proline based on purely analvtical 


data. 


The amount of eyelic anhydrides diketopiperazines 


appears to increase in proportion to the length of time the butyl 


alcohol containing much proline is boiled with the other amino- 


acids 


sure. 


in the original process of extraction under ordinary pres- 


The solubility of the proline would undoubtedly favor the 


formation of anhydrides containing at least 1 molecule of this 


substance and some evidence has been obtained of the formation 








































504 Amino-Acids of Gelatin 


of prolylproline anhydride, though its complete separation has 
not been accomplished. In this connection Maillard’s (1911) 
observations on the effect of heating amino-acids with glycerol at 
high temperatures may be recalled. As will be shown later the 
irtificial formation of evelic anhydrides during the extraction 
may be obviated by changing the conditions of extraction, although 
their presence due to incomplete hvdrolvysis of the protein has 
ilways to be reckoned with. 

Amino-Acids not Extracted by Butyl Alcohol.—The aqueous 


solution of amino-acids remaiming aiter extraction with butyl 


ilcohol was examined at first in subst inti lly the same way as 
that adopted with the products from case The bases were 
removed with phosphotungsti acid and then the strong acids 
aspartic and glutamie acids, wer large! rel | \ rect 
ervstallization. Smaller additional amount removed by 
methods to be referred to later. Examination was then made for 
the presence of B-hydroxyglutamie acid which has been identified 


in casein, gliadin, and elutenin. It was definitely established 


that no dicarboxylic acid other than aspartic and glutamic acids 


Was present. It is of interest to note that the large amount of 
amino-acids left in the mother liquor after the separation of th 
acids could be entirely recovered in the form of solid products 
with no unerystallizable syrups. The bulk of the product was 


t 
| 
i 


composed of 7 yeine Vi hich was separated Ss iccessively as picrate 
and ethyl ester, while in addition variable amounts of hydroxy- 
proline were encountered It is probable that a little serine may 
have een present Dut no indication was obtained of anv con- 
siderable amount of amino-acids other than those first mentioned. 

The results of the experiments briefly referred to in the pre- 
ceding sections, which in reality represent a summary of many 
separate analyses, indicated that by the use of butyl alcohol as a 
solvent, extracting under normal pressure, a considerable sepa- 
ration of the amino-acids from gelatin could be effected. The 
main difficulties encountered were as follows: (a) The proline 
fraction was heavily contaminated with diketopiperazines, includ- 
ing among others hydroxyprolylproline anhydride; (b) glycine 
was only extracted to a very limited extent; (c) the extraction of 
hydroxyproline was inconveniently slow. On the other hand 
the amino-acids separating out in the butyl alcobol extraction 
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flask contained practically the whole of the alanine, leucine 
phenylalanine, and most of the hydroxyproline and furnished 
excellent material for their estimation. The bases and aspartic 


} » 2 }:} 


and glutamic acids were left behind in readil l 


v separable forms 


together with most of the glycine and some hydroxyproline 


[t appeared desirable to devise if possible some modification of 
the preceding process that would extract the proline in a purer 


] . 1 
state and secondly to improve the extraction of the hydroxy 


proline. The contamination of the proline with diketopiper- 


ij 


azines obtained by extracting with itv] alcohol unaer orainary 


pressure is apparently due in part to the prolonged boiling of the 
proline solution with other extracted amino-acids and hydroxy- 
proline In particular, lor the latter acid 1s fairly readily dissolved 
in the moist butyl alcohol. It appeared, therefore, that, 1 
extraction of the proline could be effected at a lower tempera- 
ture, this change could be limited. Use was therefore made of 
extraction under greatly diminished pressure and hence lowe 
temperature in much the same way as has been used so success- 
fully by Dudley in his work on the pituitary principles. The 
temperature of the bath surrounding the boiling flask was from 
15-50° and the internal temperature about 10° lower. It was 
found that the proline was readily extracted under these condi- 
tions and that it could be obtained in a satisfactorily pure condi- 
tion. The solid amino-acids separating out from the butyl 
aleohol extraction carried out under reduced pressure contained 


considerable amount of hydroxyproline but much was left In 


the iqueous solution long a ‘ter all the proline had been removed 
It appeared, therefore, that a more complete extraction of the 
hydroxyproline might be obtained through following un the 
butvl aleohol treatment by extraction with an aleohol with a 
greater capacity for mixing with the aqueous phase. Normal 
propyl alcohol was found to be satisfactory for the purpose 
although on prolonged extraction under reduced pressure much 
water was removed from the aqueous layer. The separation of 
the hydroxyproline from the other amino-acids thus extracted 


} 


as a problem of great difficulty which was only partially solved. 
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The details will be given in a later section. It will be recalled 
that normal propy! alcohol and pure water are miscible in any 
proportion at room temperature but the high concentration of 
amino-acids in the aqueous solutions reduces the solubility of 
propyl alcohol to such an extent that it can be readily employed 
as a partially miscible solvent under the conditions of the present 
experiments. 

In the following sections dealing with the individual amino- 
acids frequent reference is made to the use of Fischer’s ester 
method for the isolation of amino-acids. In every case the 
admirable modification due to Levene and Van Slyke depending 
on the use of barium oxide and hydroxide for the liberation of 
the esters was emploved. In the writer’s experience the results 
of this method are superior to any of the others and the non- 
esterified portion is readily recovered and again treated with 
alcohol and hydrochlorie acid. This repetition of the esterifica- 
tion was invariably carried out in the present work. As will be 
shown later, large amounts of hydroxyproline are obtained in 
the ester fraction when working with the above method. Hitherto 
it was believed that hydroxyproline was confined to the residues 
left after extraction of the esters with ether. 


Individual Am no-Acids. 


Glycine. The first estimation of glycine was made as follows. 
Hydrolyzed gelatin, equivalent to 105 gm., was prepared as pre- 
viously described, and the solution was extracted for about 100 
hours with butyl aleohol at ordinary pressure. From the solid 
extracted amino-acids which contained alanine, leucine, and 
phenylalanine 4.0 gm. of glycine were obtained as the ethyl 
ester hydrochloride (7.45 gm.) by Fischer’s method. The bulk of 
the glycine was left unextracted in the aqueous layer. This was 
diluted (2 liters), boiled under reduced pressure to remove dis- 
solved butyl alcohol, and then the bases were removed with 
phosphotungstic acid in sulfuric acid (5 per cent) solution. After 
the phosphotungstates had been filtered off and washed, the 
filtrate was made alkaline with barium hydroxide, warmed for 
some time to expel residual traces of ammonia, and again filtered. 


The filtrate contained the barium salts of glycine, some hydroxy- 
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proline, and the di-basic acids. The latter were approximately 
separated by precipitating the concentrated solution (150 ec.) 
with 95 per cent aleohol (1,500 ec.). The precipitated barium 


salts contained practically the whole of the di-basic acids together 


with a considerable amount of glycine. The barium salts, after 


being washed with alcohol were dissolved in water, the barium 
was removed exactly with sulfuric acid, and the aspartic and 
glutamic acids (7 gm.) were slowly crystallized out at 10° 
from about 20 ec. of solution. The alcoholic mother liquor 
from the barium salts was concentrated and the barium removed 
exactly with sulfuric acid. It was then added to the mother 
liquor from the di-basie acids. The solution thus obtained con- 
tained 8 gm. of nitrogen and was very rich in glycine. It was 


hoped that a good separation of the glycine as picrate could be 


obtained by using Levene and Jeatty’s method. 100 gm. of 
picric acid were used and the concentrated solution was kept for 
24 hours at —10°. Only 34.5 gm. of glycine picrate were obtained, 
which on decomposition gave 14.0 gm. of pure glycine. The 


separation, however, was very incomplete. On removing the 
picric acid from the filtrate in the usual way and then converting 
the residual amino-acids into ethy! esters by repeated treatment 


with aleohol and hydrochloric acid and liberating the pure esters 


by Levene and Van Slvke’s method, a good vield of ethyl ester 
boiling under 65° at 10 mm. pressure was secured. The higher 
boiling fraction (11 gm.) was rejected. On hydrolysis 10.9 gm. 
of glycine were obtained, and on repeating the esterification the 
) 


) 
2 gm. of given It 


non-esterified residues gave a further 1.: 
should be noted that in spite of the high glycine concentration, 


only a small portion of it crystallized out as the este! hvdro- 


chloride. The presence Ol! hvdroxyy] roline appears To have con- 
S] | rable f] Nee Mm prevent o its ervestallizat ' 77 total 
iderable influence in preventing its crystallization. ie total 
glycine thus separated from 115 gm. of gelatin is 30.1 gm. obtained 
as follows: 4.0 gm. from the amino-acids extracted by butyl 


alcohol, 14.0 gm. recovered as picrate, and 12.1 gm. obtained 


through the este r method. This is equivalent to 26.2 per cent ol 


} 


glycine The mixed glycine thus ~ parated s| owed ho measur- 
able optical activitv in 5 per cent solution and contained 17.9 


] } 
+} 


} } , 
per cent ol hitrogen compound with a calculated value of 18.6. 
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A second estimation of glycine was made in a much simpler 
fashion after it had been decided to abandon the use of picric 
acid. Gelatin (250 gm.) was hydrolyzed in the usual way and 
extracted with butyl alcohol at ordinary pressure for 5 days. 


The solid extracted amino-acids gave 19.5 gm. of ethyl ester 


hydrochloride equivalent to 10.5 gm. of glycine. The aqueous 
solutions after extraction were freed from bases with phospho- 
tungstic acid as previously described and then esterified as before. 
Glycine ethyl ester hydrochloride equivalent to 11.2 gm. of 
glycine crystallized out and was worked up separately. On 
repeated esterification according to Levene and Van Slyke’s 
method a total yield of 103 gm. of ethyl ester containing much 
alcohol was obtained, all of which boiled below 65° at 9 mm 
pressure. Higher boiling esters (53 gm.) were rejected as before 
The low boiling esters on hydrolysis gave 40.3 gm. of glycine, 
making a total vield of 62.0 gm. from 250 gm. of gelatin or 24.8 
per cent. The mean of the two estimations is 25.5 per cent. 
The foregoing experiments were completed before the extrac- 
tion with buty | aleohol under reduced pressure had been employed. 
[t is probable that the adoption of this procedure would be advan- 
tageous as under these conditions almost no glycine is extracted 


1 


\ the butyl alcohol and practically the whole of it is found in 


the aqueous residue. 

Alanine.—40 gm. of amino-acids extracted by butyl alcohol 
at ordinary pressure from 125 gm. of hydrolyzed gelatin served 
as the material for estimating alanine. The mixed amino-acids 
were first crystallized from water and 9.4 gm. of sparingly soluble 
leucine and phenylalanine were removed in two CTOps. The 
mother liquor was concentrated and esterified in the usual way 
Glycine ethyl ester hydrochloride (7.8 gm.) was filtered off and 
the esters were liberated and distilled. The ester fraction boil- 
ing below 90° at 9 mm. pressure was hydrolyzed with water and 
gave 10.9 gm. of amino-acid which were washed with alcohol 
and ether and dried. This product was fairly pure alanine as is 
seen from the following figures: N 15.9, caleulated 15.7; C 
40.2, calculated 40.4; H 7.8, calculated 7.9 per cent. The 


alanine was apparently inactive in 2 per cent aqueous solution 


but the hydrochloride showed fal, 9.9°. It is probable 
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that the only impurity in the alanine was a minut race ol 
glycine. The yield is equivalent to 8.7 per cent. 

Isoleucine, Valine, and Aminobutyrit At d. Tsole LC ine nd 
valine are readily extracted by buty! alcohol under the conditions 
of the present experiments and, since alanine behaves in the 
same way, it is fair to assume that the intermediate homologue 
aminobutyric acid would show the same behavior. The possibl 
presence of the latter acid has been indicated by Foreman, though 
the presence of isoleucine and valine in gelatin has been neither 
asserted nor denied. Accordingly large quantities of the extracted 
amino-acids from gelatin were subjected to systematic crystal 
lization. Water was used as solvent for the various separations 
followed by progressively less dilute mixtures of methyl! alcohol 
and acetone. Each fraction was examined for its nitrogen con 
tent by Van Slyke’s gasometric method and, what was more 
important its specific rotation was observed in neutral, acid, and 
alkaline media. While the complete separation of valine or 
isoleucine from their homologues is a matter of difficulty, then 
high S] ecific rotations render their detection, when dealing as in 


the present case with exclusively unracemized products, a rela 


tive ly simple matter. No fraction was obtained having a higher 
specific rotation in hydrochloric acid than that of ordinary leucine 
nor was any indication obtained of any acid intermediate between 
leucine and alanine. The reproduction of the detailed experi- 
mental data relating to the fractionation of the amino-acids 
appears unnecessary since the figures have no permanent value 
lod 

| 


and ar simply of negative significance. It is concluded there- 


fore, that isoleucine and valine are definitely absent from the 
gelatin molecule, while no indication has been obtained of the 
presence of aminobutyric acid. 

Le ccine and Phe nylalanine. Most of the | ucine and phenyl 
alanine Is easily recovered D\ simple recrystallization irom water! 
or dilute methyl alcohol of the amino-acids extracted D\ butyl 
alcohol. By careful crystallization a succession of crops is easily 
obtained and, by carrying out amino nitrogen analyses on a few 
milligrams of each crop, it is easy to tell when the lower homo- 
logues begin to separate. In an actual experiment the following 
results were obtained by crystallizing 54 gm. of amino-acids 


obtained from 170 gm. of gelatin. 
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Crop I. 7.02 gm. N 10.50 per cent; lalp 11.5° in water, + 15.0 
in HC! (20 per cent 

Crop II. 5.70 gm. N 10.8 per cent: falp 12.0° in water 14.5 
in HCl. 

Crop III. 2.73 gm. N 13.5 per cent; [a]p 6.25° in water, + 5.0° 
in HCl, 


Crop IIT on recrystallization gave 0.95 gm. of the same com- 
position as Crop II to which it was added. A small additional 
amount of the two amino-acids was recovered from the mother 
liquors by means of the ester method. The esters distilling 
below 80° at 11 mm. pressure were removed and the higher 
boiling residue without distillation was saponified by boiling with 
water and fractionally crystallized from water. 0.8 gm. of mixed 
phenylalanine and leucine in’ almost equal proportions, as judged 
by elementary analysis, was thus recovered from the least soluble 
fraction, while the mother liquors contained much hydroxyproline 
and some serine. The total yield of phenylalanine and leucine 
from 170 gm. of gelatin was 14.47 gm. corresponding to 8.5 per 
cent. Two other similar experiments gave results between 7 and 
8 per cent. 

The amount of leucine in the mixture far exceeds that of phenyl- 
alanine. Judged by analysis the proportion is about 5:1. On 
simple recrystallization from water, perfectly pure leucine with 
optical properties closely corresponding to those obtained by 
Ehrlich is readily obtained (C = 54.8; H 9.8; N 10.7 per 
cent 

The complete separation of phenylalanine from leucine proved 
to be a difficult matter. Crystallization of the hydrochlorides 
and other salts was ineffectual, while experiments aiming at the 
preparation of nitro or sulfonic acid derivatives were only par- 
tially successful. Finally recourse was had to the application of 
the conventional ester method applied to the leucine and phenyl- 
alanine fraction from which as much leucine as possible had been 
removed by crystallization. The ester soluble in water but 
extracted by ether gave fairly pure phenylalanine but the yield 
never exceeded 1.4 per cent of the gelatin. This figure agrees 


fairly closely with estimates of inactive phenylalanine from 


racemized gelatin already recorded by the writer. 
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From the above experiments it is inferred that phenylalanine 
and leucine together comprise 8.5 per cent of the amino-acids 
from gelatin and that they are approximately in the proportion 
of 7.1 per cent leucine and 1.4 per cent phenylalanine. <A similan 
experiment in which the leucine and phenylalanine were extracted 
by butyl alcohol under reduced pressure gave a yield of 8.2 per 
cent for the mixed acids. 

The absence of valine and isoleucine together with the low 
proportion of phenylalanine undoubtedly makes gelatin a desir- 
able substance for the easy preparation of pure active leucine. 
While the yield is not high, the absence of isomers greatly facili- 
tates its separation, if extraction with butyl alcohol is employed 
as a preliminary step. 

Tyrosine.—Tyrosine is not ordinarily regarded as a constit- 
uent of gelatin but traces of it were encountered in all the speci 
mens of gelatin examined. In two cases sufficient was present 
to furnish a few mg. of the pure substance but in every case 
sufficient was present to give strong reactions with bromine 
water, Millon’s reagent, and diazobenzenesulfonic acid. The 
tyrosine was readily extracted by butyl! alcohol and showed some 
tendency to remain in solution, for it was recovered from the 
copper salts, sparingly soluble in alcohol, separated from the 
crude proline fraction. Its amount was certainly not In excess 
of a fraction of 0.1 per cent and the amount separated was 


even less, SO that it is probably a safe deduction that tvrosine 


is not an integral part of the gelatin molecule. The unsatis- 
factory methods of purifying gelatin would undoubtedly account 
for the presence of traces of it as an impurity 

Proline.—As already stated in the earlier part of the present 
communication, it was found that extraction of hydrolyzed gela- 
tin with butyl alcohol at normal pressure, while effective in 
removing the whole of the proline, gave an impure product owing 
to the presence of large quantities of diketopiperazines. \ con- 
siderable proportion of these cyclic anhydrides appeared to be 
formed as a secondary reaction during the prolonged boiling of 
proline in butyl aleohol solution with other amino-acids. For 
this reason extraction under diminished pressure and hence 
lower temperature was adopted. The apparatus used is shown in 


Fig. 1 and requires almost no description. It is a slight modif 
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cation of that used by Dudley and should be of value for other 
purposes. An efficient water pump attached to the apparatus 
maintained an average pressure of about 10 mm. The water 
bath for heating the Claisen flask used as the extraction vessel 
was maintained at 45—50°. 
The hydrolyzed gelatin was placed in the side-necked bottle 
shown on the left. When once the extraction is started and the 
heating adjusted the apparatus can safely be left for 24 hours at 


a time. The extraction of the proline from 100 gm. of hydro- 
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lyzed gelatin in a volume of about 200 ec. in the apparatus shown 


working at moderate speed, required about 60 hours. Solid 
amino-acids soon appeared in the extraction flask and were com- 
prised chiefly of leucine with some phenylalanine and hvdroxy- 


proline. It is well to change the flask and start with a fresh 


so that the separation of 
solid amino-acids does not cause undue bumping, and in addition 


supply of alcohol at daily intervals 


the likelihood of bringing about changes in the proline is reduced. 
At the end of the extraction, the combined butyl alcohol extracts 


are filtered for suspended amino-acids and the latter washed with 
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a little more of the alcohol. The filtrate was then evaporated to 
syrup under reduced pressure, dissolved in absolute alcohol, 
again evaporated, and redissolved in 50 cc. of absolute alcohol 
Only a minute trace of solid separated on long standing at a low 
temperature and this was filtered off. Alcohol was removed from 
the filtrate by evaporation and the clear syrup dissolved in water 


The specific rotation of the product without further purification 


observed in aqueous solution was —78°, a figure which closely 
approximates that of pure proline. From the experiences gall ed 
in previous experiments, it was decided that purific ition by way 
of the copper salts, or by precipitation with phosphotungsti 
acid was of negligible value Recourse was therefore had to 
treatment with mercuric acetate and baryta as previously de- 
scribed. Relatively little impurity was removed by this treat- 
ment and the proline was recovered from the filtrate, in the 


manner already referred to, evaporated to dryness, disso!ved in 
alcohol to remove a trace of insoluble inorganic impurit and 
then evaporated and dried under reduced pressure. 

The proline thus obtained had only a light vellowish tinge, and 
crystallized slowly but completely in the desiccator. The amount 
of amino nitrogen in the purified proline fraction from 100 gm. of 
gelatin, as determined by Van Slvke’s method, never exceeded 10 
mg. and for this amount a suitable correction was applied. The 
specific rotation of the product varied from 79.3-82.5°. On 
elementary analysis good results were obtained (52.0 to 52.5 


per cent C; 7.8 to 7.95 per cent H; 12.2 to 12.4 per cent N 


though as previously mentioned these results are of less value in 
judging of the purity of the product than the estimations of optical 
activity. The proline thus separated gave vi 
ester, copper salt, and proline hydantoin comparable with those 
obtainable from the pure substance. Apparently the only 
impurity that might be present in significant amounts in the 
proline obtained as described above is some diketopiperazine with 


properties allied to those of proline. ‘To guard against this, 


exceptional care was taken that the hydrolysis of the gelatin was 
as complete as possible, and the proline when isolated was heated 
under pressure with hydrobromic acid at 130° in order to hydro- 
ly ze any diketopiperazines and thus lead to the detection of 


other amino-acids. Such acids, especially hydroxyproline, were 
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invariably found when the extraction of the proline had been 
carried out at ordinary pressure, but when the extraction was 
performed as described in the present section they were not 
detected. The following vields of proline, corrected for a trace 
of non-amino nitrogen, and calculated on a content of 12.2 per 
cent non-amino nitrogen, were obtained. This method of calcula- 
tion is preferable to direct weighing owing to the hygroscopic 
character of the substance. 


150 gm. gelatin gave 13.9 gm proline 9.2 per cent. 


100. ‘6 “ 105 ‘“ ‘ 10.5 
gy 6 = 7.02 S.6 
200 *™ iis ~ 2 og e 9.6 
125 CO “ “ wes. « “ 95 


The average of the above results gives 9.5 per cent of proline 
as the estimated yield. It is probable that the method outlined 
above represents the simplest method for the preparation of 
optically active proline. 

Hydroxy proline.—This substance it will be recalled was isolated 
from gelatin by Fischer through working up the residue left 
after the separation and extraction of the ordinary amino-acid 
esters according to his well known method. A yield of about 3 
per cent was obtained and the same method has been followed by 
Leuchs and other workers. It was generally assumed, though 
not specifically stated, that either hydroxyproline did not form 
an ester under the customary eonditions, or, if it did so, the ester 
was not extracted by ether. 
that 


On this assumption, it was thought 
the separation of hydroxyproline from the other amino- 
acids of gelatin which had previously been partially separated 
by the use of solvents would be a relatively easy matter. This 
was soon found not to be the case for the simple reason that the 
larger part of the hydroxyproline was found to yield an ester 
readily which was easily extracted by ether under the conditions 
employe d. 

As has already been stated a considerable part of the hydroxy- 
proline in hydrolyzed gelatin may be extracted by butyl] alcohol 
and is found among the amino-acids which separate from solution 


in the extraction flask. This material, therefore, seemed promis- 


ing for preliminary attempts to separate the hydroxyproline 
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20 gm. of this material were esterified in the usual way and the 
ester was liberated by Levene and Van Slyke’s method and 
extracted by ether. The fraction of ester boiling below 100° was 
rejected and the residual ester without distillation was at once 
hydrolyzed with boiling water. On crystallizing from water, a 
small crop of leucine and phenylalanine separated first, followed 
by a very soluble substance which was expected to be mainly 
serine. But it had the following composition: 47.4 per cent C 
7.4 per cent H; 10.9 per cent N. The amino nitrogen was only 
3.4 per cent and the specific rotation in water —53.5°. These 
results clearly indicated that the product contained a great deal 
of hydroxyproline and on erystallizing from 90 per cent methy! 
alcohol almost pure hydroxyproline was readily obtained (melt- 
ing point 263°; 45.5 per cent C; 6.85 per cent H; [al, 120 : 
amino nitrogen 0.3 per cent). It was clear, therefore, that 
hydroxyproline is esterified under the customary conditions 
with aleohol and hydrochloric acid and that a large part of it is 
extracted by ether, using Levene and Van Slyke’s method for the 
liberation of the esters. 

The residues remaining after the liberation of the esters were 
freed from barium salts as usual and, after evaporation, hydro- 
chlorie acid was removed by successive treatments with lead 
hydroxide and silver oxide. The filtrate was freed from metals 
with hydrogen sulfide and a good deal of optically inactive mate- 
rial was removed by precipitation with mercuric acetate and 
baryta as applied in the purification of proline. The filtrate 
freed from barium and mercury salts gave on concentration crude 
hydroxyproline (melting point 265°; 46.0 per cent C; 6.8 per cent 
H; 10.8 per cent N; 0.7 per cent amino N; [a], in water —64.5 
On recrystallization from 90 per cent methyl alcohol pure 
hydroxyproline was readily obtained, and it was identical in 
every respect with the product obtained from the ester frac- 
tion. The amount of hydroxyproline obtained in a pure state 
from the ester and from the residues was only about 0.3 gm. in 
each case but the loss on purification is very great. But at 
least it was settled that about as much of the hydroxyproline 
passed into the ester fraction as remained behind and on repeated 
esterification the proportion was materially greater. 
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In addition to the hydroxyproline fractions just described 
which were obtained from the the amino-acids mixture extracted 
by butyl alcohol, variable amounts were isolated by substan- 
tially similar methods from the aqueous residue remaining from 
the butyl alcohol extraction. It was clear, therefore, that 
improved methods were necessary not only for the extraction 
of the hydroxyproline but for its isolation and purification and 
that but little assistance was likely to be derived from the ester 
method as previously used for the preparation of hydroxyproline. 

\s has been already stated, the extraction of the hydrox) pro- 
line from the hydrolyzed gelatin could be rendered much more 
compl te by following up the first extraction with butvl alcohol 
under reduced pressure by extraction with propyl aleohol under 
similar conditions. ‘This preliminary separation from the bases, 
di-basic acids, and most of the glycine was of great value but the 
difficulty now encountered was that of isolating and purifying 
the hydroxyproline from accompanying amino-acids. A _ large 
number of experiments have been made with this object in view, 
some Of which wer complete failures and others were partly 


SUCCE ssful. A few of these are summarized. 


t] ' proline, ¢ I 
tre | ni I i ll \ Slvk i et S { pl { { 
liff :purilying! i proline « in I 1c1ds 
( ing the (NH.) group, which reacts with nitrous acid, it was thought 
I ssible ac intage might be taken of this reaction Experiments on 
mixtures containing hydroxyproline were made with sodium nitrite or 
\ rite ng in acetic or sulfuric d solution for various lengths 

ip to several days and at temperatures varving from 15-100 

rhe unchanged amino-acids were recovered, after removal of any sulfuric 
icid by barvt by precipitation with mercuric acetate and sodium car- 


bonate according to the method described by Neuberg and Kerb. This 


ethod of precipitation is effective for hydroxyproline as was found by 
sep te ¢ eriments. It was found that tl! tion nitrous acid was 
iseless for the purpose in view. Unless a very large excess of nitrous acid 
was used a great deal of unchanged amino-acid persisted and when a large 


excess of nitrous acid was employed decompesition of the hydroxyproline 
took place presumably through the formation of a nitroso compound 


Hydroxyproline is well known to be extremely s yluble in water and 


sparingly soluble in alcohol. It was found that when present with th 
amino-acids extracted by solvents from hydrolyzed gelatin it could be sepa- 


rated conveniently from much of the latter in the following simple man 


het Che mixed cids are heated with an equal weight of water on the 
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water bath and then, irrespective of whether complete solution has taken . 
place, nine parts of methyl aleohol are added with shaking, and the: 
ture is allowed to stand for a day ors The precipitated amin ! ré 
Iter i S 1 with methyl] alcoho] and analy zed fi r both tota na ‘ 
i trogelr rder to be sure that no hydroxyproline remains. \W 
the pr ts thus far examined, the whole of the non-ami rogen 
( ! | | ne hus peen ind 1n Ita it get! I i? 
e | consid e amounts of soluble amin ls, esp gly 
! it th { some irther sepa} tions , ‘ ’ c 
i! roline fraction n be secured by the following 
hel el s ready been made t re is I I t 
1 bar hvdr cle r the pr vitat mpurit r) 
ract Prolir I I pitated under these ¢ 
V ind tl Ly ttle hydroxyproline - ri | th the 
cipitate. M mit ( erived from proteil re precip 
nis reagent ! the lower me Her i the ries I less ¢ ete 
he hig! : WV} the s j 
hat t reagents employe re 1 | r ved tl ! 
ments illustrat { ‘ 
’ hited —— hate + ail 7 nes . ——, 
lged by its speeifie rot ! gen content w ! 1 witl 
nercuric acetate 0 ec itu id barium I le (SO 
! ts O.S7T g ‘si " 5 
2 ) fa ntaining 0.631 ¢ f amin p < 
if f iv) Bi ! rt \ 
60 g Che filtra removal reul I 
U.2,0 on ol ni I > z I vel nd 0.251 rl I { Ving 
that rather 1! I l hati of the amu e1ds i i been rem I 
ipparent | 0 per cer n hvdr pr ! 
It has been shown by Lever! nd Van Sl that 
lroxyprolir iniike ther amino s do n ro 
zable pier nates. It wasthought that possible use mig ! t 
fact { he furthe paration of hydroxyproline from amu 
vhen t r than very simpte mixtures l pul substar I 
Ln t of purification effected was slight and on the 
rolon icid was ss etlective than the py! ling } t 
e) The conversion of proline into a uramino-acid by th 1 of p 
tassium cyanate, and its subsequent transformation into pr ut dat 
toin has already been described as a useful me thod for the iarac I 
tion of proline. Since so few attractive derivatives hyd proline 


are known it 


appeared worth while t 
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0.5 gm. of the cyanate was added and the mixture was heated on the 
water bath for 1 hour. 


It was then made just acid to Congo red with 
sulfuric acid, 


diluted to 50 ec., and extracted for 8 hours with ether in a 
continuous extractor. As with proline but unlike most amino-acids 
other than glycine and serine only a trace of substance (0.09 


gin was 
extracted. 


The uramino-acid remaining in the aqueous solution was converted 
into the hydantoin by evaporation on the water bath with 30 cc. of hydro- 
chloric acid. The solution was then reextracted with ordinary ether. 
The hydroxyproline hydantoin is taken out rather slowly. After 24 hours, 
3.0 gm. were obtained while an additional 0.55 gm. was obtained by con- 
tinuing for 12 hours more. The substance is very soluble in water, alco- 
hol, and ether and fairly soluble in chloroform. It is best crystallized 
either by dissolving in a drop or two of alcohol and then adding benzene 
in which it is almost insoluble or by slow evaporation of its aqueous sol 
tion. 


u- 
The substance crystallizes in needles and melts rather indefinitely 
at 162-165 

Analysis. 0.1520 gm. gave 0.2564 CO, and 0.0725 H.O. 


0.1425 “ * 0.0255 N (jeldahl). 


( H N 
Caleulated for (¢ sHsN.O . 1 2 5.13 17.9 
Found 160 » 30 17.8 

y-Hydroxyproline hydantoin is strongly levorotatory in aqu \- 
tion though much less so than prolylhydantoin. 
Cc 1.50; f 2.0; a 2.92 
ja 07.2 
ij, 
The yield of hydantoin from pure hydroxyproline was so good and its 
ready solubility in ether and water distinguished it from so many related 
substances that it appeared likely that use could be made of it for the 


characterization of hydroxyproline. Accordingly experiments were made 


to determine whether the hydantoin could be 


reconverted into hydroxy- 
proline. Prolonged boiling (36 hours) with aqueous barium hydroxide 
10 per cent) was found to be the best method. The evolution of ammonia 
and hence the progress of hydrolysis is conveniently followed by means of a 
bulb trap placed at the top of the reflux condenser containing a little ali- 


zarin and known amounts of standard acid. After no more ammonia 


l 
l, the barium salts are removed exactly with sulfuric acidand the 


is evolve 
acid is recovered by concentration and precipitatic n with aleohol. As is 
well known, optically active hydantoins readily undergo racemization on 
treatment with alkali, probably owing to tautomeric changes involving a 
loss of asymmetry of the a@ carbon atom. Hydroxyproline and its hydan- 
toin, however, contain 2 asymmetric carbon atoms, hence it was not surpris- 
ing that the hydroxyproline recovered from the hydantoin was the 
partially racemic y-hydroxyproline of Leuchs and Bormann (1919 
possessed a specific rotation of — 9.2 


and 
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HOHC CH HOHC CH, 
HC CH—CO — H,¢ CH:COOH 
NH 
N CO NH 
Hydroxyproline hydantoin y-Hydroxyprolin 
he vield of hydroxyproline recovered from the hydantoin varied from 
O4 to 73 per cent f the theoretical amount so that considerable losses ars 
nvolved in the 1 nversion 
In the light of the foregoing experiments with hydroxyproline, the 
following attempt to estimate the hydroxyproline in hydrolyzed gelatin 
was carried out 
Hvydrolyzed gelatin (100 gm.) was extracted for 72 hours unde) 


reduced pressure with butyl alcohol and the alcohol-solubl 
proline removed as previously described. The amino-acids (9.5 
gim.), chiefly leucine, accompanying the proline contained a littl 
hydroxyproline and to recover this the product was treated with 
90 per cent methyl alcohol as described under thi preceding 
section, (b). The filtrate containing the hydroxyproline was 
removed and later added to the extract obtained by continuing 
the original extraction for a further 4 davs with propy! alcohol. 
The volume of the aqueous hydrolyzed gelatin solution fell during 
the last extraction from 215 to 120 ce. but practically all the bases 
and dicarboxylic acids remained unextracted. The aqueous 
solution contained 12.01 gm. of total nitrogen, of which 7.16 gm. 
were not precipitable by phosphotungstic acid and of this only 
0.71 gm. was non-amino nitrogen. The last 12 hours extraction 
with propyl alcohol extracted only a fraction of a gram of solid 
substance. 

The propyl alcohol extracts were combined with the methyl! 
aleohol filtrate above referred to and the alcohols were then 
removed by evaporation under reduced pressure. The residue 
was dissolved in water and made up to 250 ce. This solution, 
it is believed, contains practically the whole of the hydroxy- 
proline together with a large amount of lower amino-acids espe- 
cially alanine, serine, and some glycine. The proportion of 
amino to non-amino nitrogen was about 2:1. A certain amount 
of purification was effected as follows: The solution was acidified 
with sulfuric acid and precipitated with phosphotungstic acid. 
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A minute amount of oily precipitate was removed and assurance 
was thus obtained of the complete removal of the bases. The 
filtrate was then freed from sulfuric acid and precipitated as 
described under (c) with mercuric acetate (300 ec. of saturated 
solution) and barium hydroxide (30 gm.). The filtrate, after 
quantitative removal of barium and mercury salts, was concen- 
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trated under reduced pressure. The solution (100 ec.) contained 


¢ 


1.51 gm. of non-amino nitrogen and 1.38 gm. of amino nitrogen. 


It was strongly levorotatory showing a = —14.96° in a 1 dm. 
tube. Assuming that the whole of the non-amino nitrogen was 


in the form of hydroxyproline, the concentration of the latter 


would be 14.1 gm. corresponding to a rotation of about —10.6°. 
It would therefore appear that other levorotatory amino-acids 


were present and of these the presence of serine is almost certain. 


On carefully crystallizing the above solution by slow evapora- 


tion in the desiccator large amounts (7.2 gm.) of hydroxyproline 
were obtained, but after the removal of one or two crops had 
been effected the products became progressively less pure and no 
further separation was possible. 


After as much as possible of the hydroxyproline had been 


separated by direct crystallization, the mother liquors were 


treated with potassium cyanate as precisely described in Section 


} 


(@). 


In this way a considerable yield of hydroxyproline hydan- 


toin, soluble in ether, was obtained showing a specific rotation 


of —89°. 


On hydrolysis of the hydantoin with baryta, an addi- 


tional 5.2 gm. of partially racemic hydroxyproline were obtained, 
making a total of 12.4 gm. (C = 45.5 per cent; H = 6.98 per 


cent). 


The amount of amino nitrogen in the product was 0.8 
per cent. 


If one takes into consideration the known experi- 


mental losses of the preceding manipulations, one may conclude 
that the deductions drawn from analytical and optical rotations 
recorded in the preceding paragraph, indicating the presence of 
14.1 per cent of hydroxyproline, are approximately correct. 


The 
simply 
glycine, 


separation of the greater part of these acids was very 
accomplished as described in the section dealing with 
Hydrolyzed gelatin was thoroughly extracted with 


Aspartic and Glutamic Acids. 
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butyl alcohol, the aspartic and glutamic acids together with the 
bases and much glycine remaining in the aqueous solution. The 
bases were removed from the solution by precipitation with phos- 
photungstic acid in the usual fashion and the filtrate after 
removal of sulfuric and phosphotungstic acids was made strongly 
alkaline with barium hydroxide. If 100 gm. of gelatin were used, 
an excess of about 30 gm. of crystallized barium hydroxide was 





used. The concentrated solution of barium salts (150 ec.) was 
added by degrees with shaking to 95 per cent alcohol (1,500 ce.). 
The precipitated barium salts containing the aspartic, glu- 
tamic, and other di-basiec acids if present, together with some 
glycine, were washed with alcohol, dissolved in water, and the 
barium was exactly removed with sulfuric acid. On concentrat- 
ing the solution and allowing it to stand for several days at a 
very low temperature (— 10°), the bulk of the acids readily crys- 
tallized out. The yield of mixed aspartic and glutamic acids 
thus obtained varied from 5.6 to 7.1 per cent. An additional 
amount of the mixed acids was obtained by converting the amino- 
acids in the filtrate into their esters. The fraction boiling below 
100° at 5 mm. pressure was rejected and the remaining esters 
without distillation were hydrolyzed by boiling with barium 
hydroxide solution. The barium was then removed with sul- 
furiec acid. The acid solution was then neutralized with sodium 
hydroxide and treated alternately with silver nitrate and sodium 
hydroxide as long as a white precipitate was obtained. The 
method used was that employed by the writer for the precipita- 
tion of silver $-hydroxyglutamate. The precipitated silver 
salts were filtered off, washed with water, and decomposed with 
hydrogen sulfide. The filtrate on concentration gave a further 
yield of ‘erystalline aspartic and glutamic acids amounting to 
2.1 to 2.5 gm. The total yield of di-basic acids in the best experi- 
ment amounted to 9.2 per cent. 

The mixed acids gave results on analysis indicating a mixture 
of about five parts of glutamic acid to three of aspartic acid. 
This result was confirmed by separation of the glutamic acid as 
hydrochloride in the usual fashion while in another portion of the 
mixed acids barium aspartate was crystallized out from saturated 
baryta solution. (Independent solubility determinations showed 


that under these conditions in an ice box at about 3° the solubil- 
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ity of active barium aspartate is equivalent to 0.5 gm. of aspartic 
acid per 100 ce. of saturated baryta solution. The solubility of 
the optically inactive salt is materially less.) Finally molecular 
weight determinations of the mixed acids by titration, using 
litmus as indicator, gave results closely in accord with the above. 
As a mean of the most satisfactory experiments, it is concluded 
that gelatin contains close to 3.4 per cent of aspartic acid and 
5.8 per cent of glutamie acid. 

It should be noted here that a careful search was made for 
8-hydroxyglutamie acid which had already been found in casein, 
gliadin, and glutenin. It would have been found in the alcohol- 
insoluble barium salts if present but none could be detected. 
Moreover the total acidity, to litmus, of the solution of the mixed 
acids obtained from the barium salts was so nearly equivalent to 
the isolated quantity of aspartic and glutamic acids that it ts 
probably safe to conclude that no significant amount of di-basic 
acid other than glutamic and aspartic acids is present in gelatin. 

Serine.—The difficulties of separating serine with existing 
methods from the products of hydrolysis of gelatin are very 
great. The serine mainly accompanies the hydroxyprvuline and 
on esterifying is found in the high boiling fraction of esters along 
with the latter substance. The separation of the two acids has 
proved so far insurmountable, though, owing to its large quantity, 
much hydroxyproline could be obtained from the mixture by 
direct crystallization. From the mother liquors it is possible to 
separate as picrolonate large amounts of an acid approaching 
serine in composition and general properties, but its optical 
rotation never coincided exactly with those of pure levo serine 
as prepared by Fischer and Jacobs. In aqueous solution figures 
hetween —10° and —12° are obtained but unlike pure-/-serine 
it was usually feebly levorotatory in hydrochloric acid solution. 
The difficulties of crystallizing active serine are well known and 
so far none of the various derivatives tried has proved satisfac- 
tory. The writer’s impression is that gelatin contains relatively 
large amounts of serine and possibly homologues of it in addition, 
but until improvements in the methods of separation are avail- 

able a final decision cannot be reached. The figure 0.4 per cent 
for serine given by Fischer, which is manifestly far too low, is 
therefore retained for the present. 
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Histidine, Arginine. and Lysine.-—New determinations of 
bases appeared unnecessary, but frequent confirmation has 
been obtained of the existing figures furnished by Van Slyke’s 
analyses. The earlier figures of Kossel and Kutscher and of 
Hart while agreeing well for arginine appear somewhat low for 


lysine. 






DISCUSSION OF RESULTS. 








t icts ot the 


The results of the preceding analysis of the pl lu 
hvdroly sis of gelatin are collected in Table | together with the 
main results of other workers. As regards the new results 
attention may be drawn to the high proportion of glycine and the 
very much larger amount of alanine than has been recorded 
hitherto. The figure given for hydroxyproline (14.1 per cent 
may prove too high as it is based partly on analytical and polari- 
metric data. As previously stated complete purification of the 
hydroxyproline was not accomplished but at least 7 per cent was 


obtained optically and analytically pure and the presence of 


much more in the mother liquors was certain. <A large part of 
the latter was isolated in the partially racemic form by conversion 
into the hydantoin and subsequent hydrolysis. The amounts 


of proline and leucine accord well with thos found by Skraup 
and von Biehler. The hew results for aspartic are considerably 
higher than those previously found. The figure given 


by Skraup 
and von Biehler for glutamic acid (16.8 per cent) is extraordi- 
narily high and certainly no such amount was present in the 
possible that 


product examined by the writer. It would appear 
glycine hydrochloride, which crystallizes readily from concen- 
7 


trated hydrochloric acid, may have contaminated the glutami 


acid hydrochloride, and moreover the giveine found by Skraup 


and von Biehler is undoubtedly too low. The vield Ol serime 
recorded (0.4 per cent) is taken from Fischer’s analysis and also 
is undoubtedly much too low. The complete separation of 
serine and hydroxyproline was not accomplished. In addition to 
the substances recorded in the table, a significant amount of 


unidentified sulfur compounds has still to be accounted for. 
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rABLE I 
Fischer 
snd Ader; {t 1 Skrauy 
= ‘Hart Beatty. Biehl 
Kossel and . 
Kutsel 
Glycine 25.5 16.5 19.25 12.4 
Alanine 8.7 0.8 3.0 0.6 
Aminobutyric acid None 
round. 
Valine.. None. 1.0 
Isoleucine. _ 
Leucine.. 7.2 2.1 6.75 9.2 
Serine , : 0.4 0.4 
Phenylalanine. = 1.4 0.4 1.0 
Tyrosine.... 0.01 
Proline 9.5 9.2 6.25 10.4 
Hydroxyproline , 14.1 3.0 6.4 3.0 
Aspartic acid........ 3.4 0.6 1.2 
ree 5.8 0.9 1.75 16.8 
Hydroxyglutamie acid. ..| None. 
Histidine. . 0.9 0.4 0.4 
po 8.2 7.6 9.3 
Lysine.... ee pe ee 5.9 2.8 6.0 
PEN 5 55:055 CeeRsdre's Lasers 0.4 0.4 0.4 
| SR ae eae ee 91.31 412.1 70.7 


CH: ,, CH 
‘ N CH 
HOHC CH, 
\ CH N 
CH, ~2 GH 


This substance was repeatedly encountered in the crude pro- 
line fraction obtained by extracting hydrolyzed gelatin with 
butyl aleohol under ordinary pressure. The substance has a 
certain special interest as representing the first peptide to be 
obtained containing the hydroxyproline nucleus and also it is 
apparently unique in containing three rings. Experiments made 


petelp ade 
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with gelatin that had been partially hydrolyzed at room tempera- 


ture with 70 per cent sulfuric acid for about a week gave unsatis- 
factory results and it appears that the most suitable material 
for its preparation is obtained by boiling gelatin with dilute sul- 


furic acid as described on page 500, omitting the heating in an 
autoclave. Sulfuric acid is then removed as usual and the con- 
0° is then ex- 


centrated neutral solution maintained at about | 
tracted for 2 or 3 days with buty] alcohol under ordinary pressure. 
The extract filtered from insoluble amino-acids is evaporated 
under diminished pressure and dissolved in ten parts of absolute 
alcohol. The filtered alcoholic solution is then evaporated and 
the residue dissolved in a little water and clarified with charcoal 
is allowed to crystallize slowly in a desiccator. Under favorable 
conditions a considerable separation takes place of irregular 
prismatic crystals from the Ssyvrupy mother liquor. These crys- 
tals are drained as much as possible by spreading on porous tiles 
and then purified as follows: 5 gm. of the crystalline magma are 
dissolved in 20 cc. of absolute alcohol and then 100 cc. of dry 
ether are gradually added. A yellow sticky mass containing 
much proline and a few crystals separates promptly and is re- 
jected. The mother liquor on evaporation at room temperature 
gives beautiful large prisms of the new substance. The crystals 
are dried on a plate and for analysis are recrystallized from a 
little water in which it is extremely soluble. The yield of peptide 
anhydride varies from a trace to as much as 2.75 per cent of the 


gelatin taken. 


Analysis. 0.1500 gm. gave 0.3141 gm. CO, and 0.0905 gm. H,0O. 


0.2059 “ “ 0.0272 N (Kjeldahl). 
eS H N 
percent percent per ce 
Calculated for C,;pH,4N2O 57.1 6.67 13.3 
Found 57.1 6.69 13.2 


The substance is very readily soluble in water and aleohol but 
sparingly soluble in pure ether and insoluble in most other organic 
solvents. Its aqueous solution reacts very feebly acid to litmus 
and on boiling with precipitated copper oxide no blue salt is 
formed. It does not react with bromine water or formaldehyde, 
and gives ho nitrogen with nitrous acid. Millon’s reagent gives 
neither a precipitate nor color. Silver nitrate alone or with 
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ammonia gives no precipitate but on boiling slow reduction 
occurs. Concentrated solutions (1 per cent and over) give an 
orange color on treatment with diazobenzenesulfonie acid and 
sodium carbonate. Phosphotungstic acid partially precipitates 
it from strong solutions, the crystalline phosphotungstate readily 
dissolving in excess of the reagent. Picric acid produces no 
precipitate. 

The optical rotation is notably high and was observed in aqueous 
solutions. 

C=1.0 1 = 2.0 a = — 284° 


[a]> = — 142.0° 


The melting point of the product appears to be variable. 
When crystallized from ether it melts sharply at 102—103° while 
when crystallized from water it melts at 135-140°. This phe- 
nomenon was repeatedly observed but whether it is due to some 
form of isomeric change remains undecided. 

That the substance isolated as above described was actually 
hydroxyproly!proline anhydride possessing the formula given 
above and not the isomeric prolylproline was proved by hvydrol- 
ysis. 3 gm. of the peptide were heated in a sealed tube with 9 
ec. of fuming hydrobromic acid for 4 hours at 130°. The tube 
was then opened, the contents were diluted with water, and 
evaporated under reduced pressure as far as possible. The 
residue was dissolved in water (20 ec.) and vigorously shaken 
with excess of freshly precipitated silver oxide until the reaction 
was neutral to Congo red. The silver bromide was filtered off 
and silver removed from the filtrate with hydrogen sulfide 
On concentration a completely crystalline mass was obtained 
which was readily separated into soluble proline and insoluble. 
hydroxyproline on treatment with absolute alcohol. 

The hydroxyproline weighed 1.40 gm., melted at 263°, and 
contained no amino nitrogen. On analysis it gave 46.1 per cent of 
carbon, 6.83 per cent of hydrogen, and 10.8 per cent of nitrogen. 
Its specific rotation in water (C = 0.93) was —74.8°. The proline 
fraction weighed 1.72 gm. and on treatment with cold absolute 
alcohol a trace more of hydroxyproline was separated. On analysis 
it gave 52.0 per cent of carbon, 7.98 per cent of hydrogen, and 12.0 


per cent of nitrogen. Amino nitrogen was absent. The proline 
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was partially racemized by the treatment with hydrobromic 
acid, for its specific rotation in water was only —48° and on 
converting it into the copper salt in the usual fashion, part was 
soluble in methy] aleohol while the insoluble portion, on drying, 
gave the characteristic purple-violet copper salt of inactive 
proline. 

Inactive Proline Hydantoin 


CHy—CH, 
NH 


Optically active proline hydantoin has frequently been made 
use of by the writer for the identification of proline. The inac- 
tive derivative has not hitherto been described. It was prepared 
as follows. Gelatin (100 gm.) was heated in an autoclave at 
130° for 10 hours with erystallized barium hydroxide (250 gm.) 
and water (500 ce. The mixture was neutralized with sulfuric 
acid, filtered, and concentrated and then extracted for 36 hours 
with butyl alcohol under diminished pressure as already de- 
scribed. The filtered extract was evaporated to dryness and 
taken up in absolute alcohol. The crude proline solution was 
then purified with mercuric acetate as already described for 
the active product. The partially purified yield of proline which 
was entirely inactive amounted to 4.2 gm. 2 gm. of this product 
was greatly warmed on the water bath for 1 hour with 2.0 gm. of 
potassium cyanate and 10 ce. of water. The residue was taken 
up in water and made just acid to Congo red with dilute sulfurie 
acid, and then extracted for about 6 hours with ether to remove 
traces of contaminating uramimo-acids. The aqueous solution 
was then evaporated with 10 ce. of concentrated hydrochloric 
acid to convert the remaining uramino-acid into the hydantoin. 
On prolonged reextraction with ether r-proline hydantoin was 
obtained in a yield of 1.8 gm. It is extremely soluble in water 
and alcohol, readily soluble in ether and acetone, and sparingly 
soluble in chloroform. It crystallizes from its concentrated 
aqueous solution in the form of highly refractive apparently 
hexagonal prisms. It melts at a distinctly lower temperature 


than the active variety; namely, 142-148 
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Analysis. 0.1532 gm. gave 0.2881 gm. CO, and 0.0801 gm. H.O. 


Calculated for CsHsN.,0,: 51.4 per cent C; 5.71 per cent H. 
Found: 51.3 per cent C; 5.80 per cent H. 


SUMMARY. 


An analysis of the products of hydrolysis of gelatin has been 
made making use of extraction with buty! alcohol for the sepa- 
ration of certain groups of amino-acids. 

Butyl alcohol extraction under ordinary pressure readily 
removes the alanine, leucine, and phenylalanine, while hydroxy- 
proline and serine are extracted more slowly. Glycine is ex- 
tracted to a relatively small extent. 

The extraction of proline is best accomplished by extraction 
with butyl alcohol under reduced pressure, thus limiting second- 
ary changes. Propyl alcohol may be used to complete the extrac- 
tion of the hydroxyproline. Various methods are described for 
the separation and purification of proline and hydroxyproline 
together with some new derivations. It was found that hydroxy- 
proline is readily esterified and that much of it passes into the 
ester fraction soluble in ether when liberated with barium hydrox- 
ide. Reasons are advanced for the belief that gelatin may yield 
as much as 14 per cent of hydroxyproline. 

The strong acids and bases from gelatin are not extracted by 
butyl alcohol. The former consist entirely of aspartic and glu- 
tamic acids. The absence of hydroxyglutamic acid was estab- 
lished. The absence of valine and isoleucine was determined. 
Gelatin appears, therefore, a very suitable material for the prep- 
aration of optically pure leucine. 

A new tricyclic peptide from gelatin is described; namely 
y-hydroxyprolylproline anhydride. 

The preparation of the hydantoin deriveratives of l-hydroxy- 
proline and r-proline is also recorded. 

The quantitative results of the estimation of the amino-acids 
from gelatin are recorded in tabularform. The total thus estimated 
amounts to 91.31 per cent to which must be added considerable 
additional amounts of serine and possibly allied substances which 
could not be satisfactorily separated from the hydroxyproline. 
Unidentified sulfur derivatives are also present. 
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INTRODUCTION. 


The work of Williams' demonstrates that a substance of 
unknown structure, a constituent of yeast, is necessary in addi- 
tion to the ordinary nutrients for the nutrition of yeast cells. 
This substance Williams concludes, based upon identical 
occurrence and various properties, is identical with the beri-beri- 
preventing vitamine. He further found that the growth of single 
cells of yeast may be used as a simple biological test for this 
vitamine. His results at the time of the publication of his paper 
also indicated that this test might be of quantitative value. 

The work here presented shows that this vitamine or, as Mc- 
Collum calls it, the water-soluble B growth-promoting substance 
can be quantitatively determined by this simple biological method. 


The Method. 
The Preparation and Extraction of the Tissues. 


The tissues examined in the following experiments were obtained 
as fresh as possible and were immediately treated as follows. 
The connective tissue and fat were first removed in order to 
obtain the desired tissue as pure as possible. The tissue was 
then finely divided, well mixed, and a weighed portion then 


1 Williams, R. J., J. Biol. Chem., 1919, xxxviii, 465. 
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dried at 3 mm. pressure in a partial ether atmosphere over con- 
centrated H.SO, for 24 hours. The approximate dry weight was 
then taken. The tissues at this stage were in such a condition 
that they could be ground up easily with plaster of Paris. This 
mixture was allowed to stand in a vacuum desiccator for 2 days, 
reground, and again reground immediately before the extraction. 
In the cases where not all the tissue was necessary in one experi- 
ment and analysis, the total weight of the mixture was obtained 
and a definite amount of the well mixed material taken for anal- 
ysis. This was transferred quantitatively into the cup of the 
Koch extractor which had been thoroughly dried in an oven at 
103°C.; the open end of the condenser was connected by means 
of a cork stopper, covered with tin-foil, with a filled calcium 
chloride tube which had been bent in order to avoid the possible 
falling of particles of CaCl. into the extractor. The tissue was 
then extracted for 6 hours with commercial absolute ether which 
had been further dried by standing over metallic sodium for 
at least 12 hours before use. After most of the ether vapor had 
been removed from the extractor the extraction with 95 per cent 
redistilled aleohol was started and continued for 18 consecutive 
hours. In the preliminary experiments a second alcoholic extrac- 
tion was made. The alcoholic extract was slowly evaporated to 
dryness on a steam bath avoiding overheating. The residue was 
dried in a desiccator over concentrated H.SO,, then dissolved in 
distilled water, and made up to definite volume. Undissolved 
particles were filtered off after the solution of all vitamine had 
been insured by slightly warming. This solution was then 
analyzed by the yeast cell method for its content of alcohol- 


water-soluble vitamine. 
The Yeast Cell Method. 


Preparations.—The yeast cell method has been simplified to a 
great extent by Williams and myself since the first publication of 
the method. We found that more uniform results could be 
obtained by using commercial compressed yeast instead of pure 
cultures. In all the experiments Fleischmann’s compressed 
veast was used. 

A growth medium containing all the essential inorganic con- 
stituents, sugar, and organic nitrogen was prepared as follows: 
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20 gm. saccharose (Kahlbaum’s 

3 “ (NH,)2SO; (Merck’s). 

3 “ KH.PO; : 

1.5 “ asparagine (Kahlbaum’s, twice recrystallized). 
0.25 “ CaCl. (Merck’s). 

0.25 “ MgSO, 


These constituents were dissolved in 1 liter of redistilled water. 
The medium was kept in the ice box after it had been sterilized 
to avoid any bacterial contamination. 

The greatest difficulty was experienced in preparing the cover- 
slips so that they were perfectly clean, and at the same time that 


uniform hanging drops could be obtained. The following method 
was finally adopted as giving the most satisfactory results. After 
the cover-slips had been thoroughly cleaned, first with soap and 
water, then with cleaning solution, and rinsed with distilled 
water until all traces of the cleaning mixture had been removed, 
they were placed singly on a drying rack especially prepared for 
this purpose and dried in the oven at 103°C. They were then 
immersed in a solution containing | drop of molten vaseline in 
200 ec. of redistilled benzene. The cover-slips were then dried 
with a towel and dried in the oven at 103°C. It was found that 
the cover-slips so prepared were very satisfactory, for one can 
easily obtain drops of uniform size on such a surface, whereas, 
when they are kept in alcohol, considerable difficulty is experi- 


enced in this respect. 


The solutions to be tested were prepared Aas follows 25 ee. of 
the sterile medium were measured by means of a pipette into a 


150 ec. Erlenmeyer flask, to this was added a known amount of 
the unknown solution which had been prepared as described 


above, and then sufficient water to bring the total to 30 ce Of 


each concentration duplicates were prepared. A_ blank test 
accompanied each set of analy ses. All the solutions so prepared 
and those which had to be preserved for future use, as well as 
the pipettes and distilled water which were used for the analysis, 
were now sterilized for 10 minutes at 10 pounds pressure. 

The Method.—The following procedure was carried on inside a 
sterile cupboard prepared for the purpose. This cupboard was 
sterilized by means of a spray of 50 per cent alcohol 24 hours 
before use. The sliding glass door was opened only far enough to 


permit free movement of the hands of the operator. 
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A cake of Fleischmann’s yeast was broken in half inside the 
sterile cupboard and a piece as large as three pin heads was 
broken off from the inside of the broken surface by means of a 
sterile pen and transferred to a test-tube containing about 15 ce. 
of sterile distilled water. The right concentration of suspension 
of yeast cells was usually obtained when the solution showed just 
slight turbidity. A 1 ce. sterile pipette was introduced into the 
suspension. At the mouthpiece of the pipette a rubber tubing 
was attached with a good sized cotton plug at one end. By 
blowing through the tube and pipette a uniform suspension of 
yeast was insured. A pinch-cock regulated the amount of air 
needed for suction or pressure. After all the yeast had been 
suspended, or nearly so, the suspension was allowed to stand for 
1 or 2 minutes to allow agglutinated masses of yeast cells or 
heavier particles to sink to the bottom. 1 cc. of the suspension 
was then pipetted from the supernatant liquid and transferred 
to a test solution. By test solution is meant a solution of the 
same volume as the solution of the water-dissolved alcohol extract 
to be tested. It is necessary to carry out this preliminary trial, 
because the concentration of yeast cells in the suspension is of 
utmost importance. After gently shaking this very dilute sus- 
pension for about 1 minute, a sterile pen was dipped into it and 
36 drops were made on a cover-slip prepared as described above 
and immediately inverted on a hollow ground slide prepared with 
vaseline so as to seal the chamber air-tight. After the time of 
seeding of the solution had been recorded the drops were imme- 
diately examined with the low power of the microscope. A 
mechanical stage was found to assist greatly in the analysis of 
the drops. Only those drops were taken into consideration which 
contained only one or at most two single cells and no foreign con- 
tamination. When too many single cells were found per drop on 
the average, the suspension was diluted with distilled water until 
satisfactory. On the other hand if too few single cells were found 
a higher concentration could be obtained by pipetting from nearer 
the bottom of the first suspension instead of from the surface as 
indicated above, where a desirable concentration of yeast cells 
is assumed in the first more concentrated suspension. After the 
right way of seeding had been determined all the solutions to be 
tested were treated in the same way. Of each concentration of 
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vitamine to be tested two analyses were made, and for each 
analysis 36 hanging drops were made and observed, making a 
total of 72 hanging drops for each concentration. By using a 
standard pen and cover-slips as described above uniformly sized 
drops were easily obtained. Every drop was examined micro- 
scopically and a record kept for every slide as follows. 


Reading for Cover-Slips. 
Solution la, Table ra 


First reading. 6 hr. reading. iS hr. reading 
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The large square represents the cover-slip 


Every small square represents a hanging drop. 
t | I | 


s one single cell. 
25 two “ cells. 
more colonies found than could be accounted for 


wild yeast colonies. 
0 = cell died and autolyzed. 


On the average about 65 single cells were taken into considera- 
tion for every concentration examined. After the drops had 
been examined the slide was incubated at 30°C. After 5 to 6 
hours incubation the slides were reexamined. Only slight growth 
had taken place during this time. All the drops which were 
noted to contain single cells were carefully reexamined and the 
growth was recorded. Any drop in which more colonies were 
found than could be expected from the number of single cells 
recorded in the first reading was excluded from the final con 
sideration. After a total incubation of 18 hours all drops were 
carefully reexamined and all changes noted. The cells were 
counted carefully by vsing the high power of the microscope and 
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recorded. Wild yeast colonies could easily be differentiated at 
this stage. Drops containing such wild yeast colonies, or cells 
which had not multiplied at all, or cells which had autolyzed were 
not considered. All other cells were considered in the final 
calculation. The minimum and maximum growths are here 
recorded, but the average growth given is the average of all the 
readings considered. From the average growth the final values 
were calculated; viz., the number of cells which would have been 
obtained if in 18 hours we had used the extract of 1 gm. of tissue 
for one cell, in the same volume, assuming that the growth would 
have been proportional, which is, of course, not exactly warranted. 


EXPERIMENTAL. 


Preliminary Experiment 


[wo ripe Brazil nuts were ground up and prepared as deseribed 
above. Two separate extractions were made of the same sample. 
The extracts were analyzed separately by the yeast multiplica- 
tion method. The results obtained are shown in Tables I and II. 

For the first analysis relatively smaller quantities were used 
and accordingly the cell multiplication was smaller than in the 
subsequent analysis. On the other hand we observed that the 
values finally caleulated are relatively higher for the first analysis. 
Two factors may account for this. We obtained for the blank 
test « multiplication of about three and one-half cells on the 
average from one single cell. Theoretically no multiplication 
should take place. We know that yeast needs this substance for 
its development and contains relatively large quantities. In 
making the yeast suspension, theoretically we suspend only 
yeast cells, but we undoubtedly dissolve some of the adhering 
material as well as some dead disintegrated yeast cells, both of 
which may yield traces of vitamine. A second factor to which 
we may ascribe this multiplication is the probable storage of 
vitamine in the yeast cell The yeast cell when grown on a rich 
medium will undoubtedly have stored an excess of this particular 
vitamine. This excess may then consequently be used when this 
vitamine is absent from the diet. We must consequently take 
these factors into consideration when a relatively small multi- 


plication of yeast cells takes place. 








momma ani fans TREE 












numbers indicate the numbers of single yeast cells 





re RE KtyI pespy STONE 


Solutions la and 1b represent 0.03384 gm. fresh tissue, 0.03204 gm 


Solutions 2a and 2b ri present 0.05640 gm. fresh tissue, 0.05340 gm. 








Swoboda 


10.4 
10.4 | 1,040 1,09 
10.4 
SS 1.04 
14.( R72 04 
{ 


represent O.OLOOO 


s 
, 
f 


ue U.0094S8 gt 


represent 0.01675 gm. fresh tissue, 0.01580 gn 


s ) 
24 4 RNS 27 
1) 4 
sis 927 
1s 
19 S70 )1S 
>) 
P at 








pes i eat. 
ae Tener eet a) 


om: 
aaNet OS 


Number ec. of Solution 


Number ce of Solution 




















i 
2 | 
i 
4 | 
“i 
| Yo 
} 
O 2 u 6 10 \ Vu b 
Number of Cle > 
Fie 
> @ $00.2 
4 4 
3T 4 Sot] 
<= 
| > 
O 5 10 15 2° 10 a ho uF Si © 
Number of Ces . 


























F. K. Swoboda 539 


Fig. 1 corresponds to Table I and Fig. 2 to Table Il. From 
these figures we can conclude that these factors are negligible 
when, under standard conditions, we have ten or more cells 
developed from one single yeast cell. We find that the value 
obtained for Solution la of Analysis I is theoretically too high, 
whereas Solution 2 of the same analysis corresponds to the values 
obtained from thé two dilutions of the second analysis. 

A second alcohol extraction was made on the residues of both 
analyses. Vitamine was absent in both cases in these second 
extractions. Consequently it was considered sufficient to extract 
the preparation for 14 hours especially since smaller amounts 
were employed in the succeeding experiments, these being rela- 
tively high in vitamine. 

To see whether any vitamine was lost during the ether extrac- 
tion, analyses were made on the aqueous suspensions of the 
residues of the ether extracts. It was found that no multiplica- 
tion of yeast cells took place. The extraction with absolute 
ether, therefore, in confirmation of Williams’ findings does not 
remove any of the specific substance necessary for the multipli- 
cation of the single yeast cell. It may be noted from experi- 
ments not reported in detail in this paper that when ordinary 
ether was used in the extraction appreciable vitamine was found 
to be present in the ether extract. This probably accounts for 
the varying results obtained by other observers on ether extracts 
in animal feeding experiments. 

The experiments reported in Tables III and IV give further 
prool for the quantitative value of the results obtained in this 
first experiment. 

] 


As in the first experiment, duplicate analyses of two different 


i 


dilutions were made and in summary Tables III and [V the eal- 


culated vitamine numbers for these different dilutions are reported. 
D Cl avi of Erne ment Vad on Vraar . of Inte: } al secretion. 
Various observers have found that glandular organs are rela- 


tively high in vitamines. McCollum? reports a high vitamine 
content (both the fat-soluble A and water-soluble B growth- 

McCollum, E. V., The newer knowledge of nutrit New } 
1919. 
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promoting substances) in glandular organs. Funk and Douglas’ 
found on the other hand that practically all organs of internal 
secretion, with a very few exceptions, were atrophied in avian 
polyneuritis. It was thought, in consequence of these reports, 


rABLE I 
Summary of the Results 0. the Vitamine Determination of Urgans of Inte l 
Secretwior 
Diluti D ; 
$ " Wat Vitamine m . Sse Vita é ‘ + 
Fresh | Dried |¢23| Fresh | D ei 
tissuc tissue = t ‘ t 7 

Liver, Ox 1 66 832 2,448 36 958 2 895 39 
2 66 9S6 2,908 19 1,058 3.116 23 

Dog 1 65.4 405 1,298 37 390 1,247 24 
Pituitary, Dog 1 71.8/1,760(?)'6, 250 (? 36 |1,293 (?)|4,600 (? 98 
ci cow 78 $11] 1,846 29 {02 1,802 16 
Pineal 81 580 3,000 20 576 2 980 19 
Kidney, Dog 1 75 354 1,413 52 386 1,546 39 
Suprarenal, “ 1 51.3) 442 913 36 158 940 30 
Testis - 1 83.2) 155 924 31 116 695 17 
ran S6 165 3,241 20 150 3,142 13 
Ovaries, Dog 2 72.3) 247 890 14 264 953 26 

pregnant 
log 74.5) 233 915 36 234 917 25 
Thyroid, Dog 1 74.6, 376 1,360 39 

Thymus 7a 105 455 29 117 507 17 
Lymph 56 90 .7 207 19 74.5 170 31 
Pancreas, * 72.8 53 170 I8 1] 128 mw”) 
2 68.7 61 216 %0) 56.5 200 2] 

Sciatic nerve, Dog 1 50.4 408 $20 30 294 590 31 


* The vitamine number is the number of yeast cells which would grow 
from one single cell under the standard condition in 18 hrs. in presence 
of vitamine extracted from 1 gm. of tissue. 

t See discussion under ‘‘Thyroid.”’ 


that the substance which promotes the multiplication of the 
yeast cell and which has been shown to be identical with the 


beri-beri curative vitamine by Williams! must be of great impor- 


$ Funk, ¢ and Douglas, M., J. Physiol., 1913-14, xlv 175. 
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tance to the organs of internal secretion and that a quantitative 
study as to its distribution in various organs might throw some 
light on its function or origin. 

In Tables III and IV the summaries of the results of these 
experiments are reported. Most of the tissues were obtained 
from dogs. Those tissues marked “Dog 1” were obtained from 


a young dog which was killed and bled specially for the purpost 


Only a few tissues were obtained from other animals as will be 


indicated in the proper place. 


Liver. 

In avian polyneuritis Funk and Douglas* found the 
cases to show a distinct cloudy swelling and in places to have 
broken cells lea Ing in some cases only the outline of the inter- 
lobular capillaries 

McCollum? reports that the liver is especially high in content 
of the water-soluble B growth-promoting substance. 

Two different analyses were made of the liver of the ox. From 
Table III we can see that the liver contains comparativel large 


ec vitamine. 


quantities of the specu 


1 
1] 


It is evident from Funk’s findings that i¢ ibsence of the 
beri-beri curative vitamine is fatal to the hepatic cell. He reports 
further that the fatty droplets, which normally are found in the 
cells of the liver, are not to be seen in the liver of birds which had 
shown primary conditions of beri-ben. This fact may indicate 
that the vitamine is not only necessary for the maintenance of 
the hepatic eell, but also. that the liver stores the excess of the 
vitamine 

The liver of Dog 1 also was analy zed. Relatively large quanti- 
ties of vitamine were found in comparison with other organs of 
the dog. The vitamine number obtained for the dog liver is 
relatively much lower than that obtained for the ox liver. Whether 
this is a constant difference for these animals or whether it varies 
among individuals of the same species remains to be determined. 
On the other hand it is well known that the composition of the 
liver varies considerably from time to time depending on many 


factors. 
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Pituitary. 


The pituitary obtained from Dog 1 proved to be very small in 
size and weight. Nevertheless an analysis was made. The cal- 
culated vitamine number indicated a high vitamine ccntent. 
The number is undoubtedly too high, for reasons explained 
previously. 

In order to obtain more convincing results the pituitary of a 
larger animal was chosen. We were able to obtain the pituitaries 
of cows directly from the slaughter houses due to the courtesy of 


rABLE I\ 


Summary of the Results of the Vitamine Determinations of the Different 
Parts of the Pituitary of the Co 


Dilution 1 Dilution 2 
\ —— ae yn =f 
o - Wat canna i - =se oe oo num- =so 
Der ~ b> be! o> 
at. oe 
Fresh Dried x Fresh | Dried a xe) 
tissue tissue Z. tissue tissue Zz 
Pituitary, whole 78 111 1,846 29 102 1,802) 16 
Anterior lobe, Cow 1 74.5 | 384 1,512; 39 27 1,684 43 
2 76.5 Sia 1.605 Ww) 112 1.750 20 
Pars intermedia, Cow 1 74.7 | 658 2 660 35 550 2,170; 44 
) 75.5 | 375 1,740 10 174 1 935) 27 
Posterior lobe ] 79.6 S02 g? 4 62 2? 340 20 
2 758 104 b4 Q LS 167 = 24 
( | 52 183 83 6 172.5 4 8 
- , j 
Armoul nd Company. lwo whole glands were used ror the 
analvses. A high vitamine content was found. This is in agree- 
ment with the findings of Funk and Douglas* who report in 
ian polyneuritis a distinct degeneration of the pituitary. 

The distinct physiological function of the three different parts 
of pituitary, the anterior lobe, pars intermedia, and posterior 
lobe, is generally admitted today. It was thought of interest to 

nd the location of the vitamine in the pituitary. Two different 
lots of pituitaries were carefully dissected into the three parts. 
Anal ere made of the different rts and lots. The sum- 
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A. Anterior Lobe of the Pituitary.—In both analyses a high 
vitamine content was found. The vitamine number of both 
analyses is of the same order, the difference being well within 
the limits of experimental error of this biological test. 

The importance of the anterior lobe to growth in general and 
sex development particularly has been shown by numerous 
workers. From the recent article of Goetsch* we can see that 
the overactivity of the anterior lobe is always associated with 
overactivity of the sex glands whereas deficiency is followed by 
underdevelopment of the sex glands in the young and sexual 
impotence in the old. This relation is also suggested by the high 
vitamine content of both the anterior lobe of the pituitary and 
the testicles and ovaries, as will be shown later. 

It is also of interest to learn from Funk and Douglas’ paper 
that in avian polyneuritis especially the anterior lobe showed 
distinct disintegration, the number of cells being greatly dimin- 
ished. On the other hand Dutcher’ reports that tethelin, the 
extract of the anterior lobe, relieved pigeons of the paralytic 
symptoms brought about by experimental polyneuritis on a 
deficient vitamine diet. These facts and the finding of large 
quantities of vitamine in the anterior lobe give further proof 
that the vitamine which increases the speed of multiplication of 
the yeast cell is identical with the beri-beri curative substance as 


shown by Willhiams.! 


b Pa I termedia of the Pitu tary. Analy ses ot two different 
lots were made. The vitamine numbers obtained for these diff- 
erent lots are hoth re | itivels high } ut differ decidedly from one 
another This probably can be explained by the difficulty of 
separating the posterior lobe from the pars intermedia, the sepa- 
ration never being compiete, uthough the ereatest care WAS 
emplo d in the dissectior 

Histologically the pars intermedia differs from the anterior 
lobe in being less vascular. On the other hand. the pars inter- 
media is well marked off from the posterior lobe which is also 
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C. Posterior Lobe of the Pituitary.—In both analyses the vita 
mine content was found to be relatively low. As this lobe con- 
sists mainly of nervous tissue and shows no change in avian 
polyneuritis, the low values found are not surprising. 

D. Colloid of the Pituitary.—A few hardened pieces of colloid 
were found during dissection of the glands. The results of the 
analysis are reported in Table IV. 

Only small amounts of vitamine were found. These low vita- 
mine numbers do not necessarily indicate that the colloid is not 
to be considered the secretion of the gland. These colloid par- 
ticles which we were able to collect are probably disintegrated 
material, and may differ chemically very much from the original 
fluid colloid found in the pars intermedia. 

When we calculate the total vitamine content of the gland on 
the basis of the data of the various parts we obtain numbers 
which differ only shightly from the vitamine number obtained by 


analysis of the whole gland 
| [ 
ae 
Posterior lol 7.169 73 524 
Pars intermed 8.662 598 5,190 
Anterior re 14._S60 107 6.035 
Colloid ) So] 176 62 
otal gland 1 (4 Y 11.817 
Lina I] 
Pars intermedia 2.200 t-44 i) 
Posterior lobe 0.9382 1] 104 
Anterior 10.734 ISO 1175 
Total glands Lo. S00 79 9, 269 
The pituitary analyzed as a whole gave « vitamine number of 


108 cells per gm. of tissue. 
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Pineal Gland. 


Six pineal glands of cows were obtained directly from the 
slaughter house. The results of the analysis of these glands are 
reported in Table III. The vitamine number was found to be 
somewhat higher than for the pituitary. 

The present day knowledge of this gland seems to lnaicate 


and to the sex glands. \ieCord in 


close relation of the pineal g 
his recent paper® states in his summary that disturbances of the 
function of the pineal gland are followed by an early sexual 
development evidenced in the enlarged genitalia, early change in 
voice, by precocious mental development, and by general over- 
growth of the body The administration of the pineal gland to 


young animals is reported to hasten sexual maturity and growtl 


Kidney. 


Funk and Douglas* report in all cases of avian polyneuritis 
I . 


tubular changes, consisting of the swelling and breaking up of 


, 
the protoplasm of the cells, while the nucleus showed signs of 


pyenosis. They also report changes of the glomeruli and of the 


intertubular capillaries and slig t edematous conditions of the 
interstitial tissue. Cooper’ on the other hand finds that the 


kidney tissue is a verv efficient beri-beri curativ: 


In agreement with these findings are the results of the vitamin 


analysis of the kidney of Dog 1. Remarkable quantities of 
vitamine were found. 
S éprare nal, 
The suprarenal was found to be slightly changed i 1a} 


polyneuritis by Funk. He reports slight degeneration in bot] 
the cortical and medullary cells. 

The suprarenal gland obtained from Dog 1 was analyzed 
vitamine. Considerable quantities were found when the fres! 
tissue weight is considered. 

The relation of the suprarenal to the sex glands was reported 


in 1836 by Nagel’ who found that animals with large se» 
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glands and intensely developed sexual activity possess large 
suprarenals. Vincent® states that there is considerable amount of 
clinical evidence that tumors of the suprarenal cortex are fre- 
quently associated with sex abnormalities. Bullock and Sequeira'® 
and Glynn" report that children with hypernephroma show pre- 
mature development of the whole body in general, but especially 
premature development of the sex glands. 


Thyroid. 


Funk finds in avian polyneuritis marked degeneration of the 
cells of the thyroid. Consequently an analysis for vitamine was 
made. 

It was found that when 5 cc. of the water-dissolved extract 
were used for the analysis most of the yeast cells died during the 
experiment and the remaining did not grow nearly so well as 
those of the blank solution. When 3 cc. of the extract were used 
the growth was equal to that of the blank. Some cells were 
found to have died during the experiment but not nearly so 
many as when 5 ce. of the extract were used. When only 1 ce. 
of the extract was analyzed by the yeast cell method all cells 
grew and a noticeable increase in the multiplication was noted 
over the blank test. It is evident that the thyroid extract is 
poisonous to the veast cell when added to the medium in large 
quantities, but when only a small amount is added a noticeable 
effect on the multiplication of the yeast cells takes place showing 
the presence of considerable quantities of vitamine. 

The relation of the thyroid to other organs of internal secretion 
has been shown by numerous workers. Hofmeister’ found that 


extirpation of the thyroid causes enlargement of the anterior 


lobe of the pituitary and degeneration of the uriniferous tubules 
of the kidney. Von Eiselberg’’ finds that after extirpation the 
Vir ~ S ] ( ) 1917 \ IQA 
Bullock, W ind Sequeira, J., Tr. Path. Soc. Lo n, 1905, | 1S9 
(; nn l | Quart. J We | 7 
i ter, F., J ( ISO4 15; D VW 
189 
I rg, A., A ( 189 ) D Z. ( 
1% ) 
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F, 





sexual glands are affected and growth is retarded. Biedl* reports 
a hypertrophy of the suprarenal. Alquier and Theuveny™ find 
after thyroidectomy degenerated testicles and diminished sperma- 
togencesis. 

Thymus. 


In avian polyneuritis the complete disappearance of the thy- 
mus is reported by Funk and Douglas. On the other hand we 
find from the recent work of Uhlenhuth'* that the thymus as such 
does not contain the specific growth-promoting substance. 

An analysis was made on the thymus of a young dog. Only 


relatively little vitamine was found. It is interesting to note 


from a recent article of Hewer'’ that large quantities of thymus 
are necessary to hay an appre ciable effect in feeding experiments. 


Many divergent statements are found in the literature as to 
the relation of the thymus to the sex glands. As to the influence 
of thymectomy Paton!® observes after removal of the thymus an 
increase in weight of the testis whereas the results of the experl- 
ments of Halnan and Marshall’? show the opposite; namely, 
decrease in weight of the testis. On the other hand we find from 
the work of Pappenheimer”’ that thymectomy had no influence 
on the development of the young animal. From these results it 
seems that the thymus has only a secondary function in develop- 
ment and growth. 


Testis. 


Funk found the testicles greatly atrophied in avian beri-beri. 
Knowing of the close relation of the organs of internal secretion 
to the sex glands and particularly knowing that all those organs 
of internal secretion which are of physiological significance 
to the sex glands have a high vitamine content, we were not 
surprised to find large quantities of vitamine in the sex glands. 


‘Biedl, A., Wien. klin. Woch., 1901, xiv, 1278; Wien. Klis 1903, 
Xx1x, 281. 
5 Alquier, L., and Theuveny, L., Compt. rend. Soc. biol., 1908, Ixiv, 663. 


17 Hewer, E. E., J. Physiol., 1913-14, xlvii, 479. 
§ Paton, D. N., J. Physiol., 1911, xlii, 267. 


19 Halnan, E. T., and Marshall, F. H. A., Proc. Roy. Soc. London, Sertes 


B, 1914, Ixxxviii, 68. 
Pappenheimer, A. M., Surg., Gynec. and Obst., 1917, xxv, 276 
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The testicles of two different species were analyzed. The tes- 
ticles of Dog 1, which was a young dog and probably not full 
grown, showed a high vitamine content. The testicles of a ram 
also were analyzed and were found to be very much higher in 
vitamine. Table III gives the results of these experiments 

An attempt was made to dissect out of the testicle of the ram 
the interstitial glands. Only a few mg. of fresh material were 
obtained. When analyzed by the yeast cell method only a 
slight increase of the speed of multiplication was noted over that 
of the blank solution. As only very little material was to be 
accounted for, even a very little increase in growth indicates a 
high vitamine content of the interstitial glands. These experi- 
ments will be repeated on a vasectomized animal and will be 
reported later 


Ovarie Ss. 


In avian polyneuritis Funk found the size of the ovaries greatly 
diminished. 

Two fully developed female dogs were killed. One was preg- 
nant and the other not. The ovaries were removed and analyzed 
for vitamine. In the pregnant dog the ovaries were twice as 
heavy as those obtained from the normal dog and showed the 
presence of many corpora lutea. The vitamine concentration is 
of the same order in both cases, but since the ovaries were twice 
as heavy in the pregnant as in the non-pregnant animal the 
total amount is about twice as much vitamine. Whether this is 
related to the corpora lutea content has not been determined. 


Sciatic Ne Trve. 


Disintegration of the axis evlinder of the sciatic nerve has 
frequently been reported as reason for the paralytic symptoms 
in beri-beri. The sciatic nerve was obtained from Dog 1 and 
analyzed for vitamine. Considerable amounts of vitamine were 
found in proportion to the fresh weight of the nerve. 


Lymph Gland. 


The lymph gland of Dog 1 was analyzed for vitamine. The 
results of the analysis are reported in Table III. 


Only traces of vitamine were found. 
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Pancreas. 


Funk and Douglas* report that in avian polyneuritis the pan- 
creas was not diminished in size nor histologically changed 


The pancreas of Dog 1 when analyzed gave an exceedingly low 


Vitamine number. 


s partly contradictory to the finding of Williams 


who found that pancreatin decidedly increased the speed of 


The finding 


multiplication of the yeast cell, and to the findings of Eddy who 
reported that the feeding of the pancreas increases the growth of 
white rats when added to a diet deficient in water-soluble B 


growth-promoting substance. Kiddy in his feeding experiments 
used an evaporated extract obtained by extracting a sheep pan- 
creas with 95 per cent aleohol of 0.8 per cent HCl strength 
Hydrolysis will certainly take place to a certain limit in such an 
acid concentration. Previous observers also found that hydro- 
lyzed extracts are more curative for beri-beri than unhydrolyzed 
extracts. It is very likely that the pancreatin used by Williams 
was also slightly hydrolyzed. 

These results would indicate that we might possibly have a 
vitamine precursor present in the pancreas. In order to verify 


the results obtained from the analysis of the first pancreas another 


one was obtained. The second pancreas Was obtained from the 
same normal female dog from which the ovaries were obtained. 
The results are identical with the first determination and verify 


the vitamine number obtained for the fresh pancreas 


DIs¢ ussIon.¥ 


From the foregoing experiments it is clear that the veast cells 


when grown on a synthetic medium containing sugar, asparagine 
ammonium nitrogen, potassium, calcium, magnesium, sulfate 
and phosphate, are dependent for their growth on a& substance 
soluble in Q5 per cent aleohol and water but of unknown 
chemical structure. This substance stimulates the growth of the 


yeast cell, or the multiplication of the cell, so that a unit weight 
of this substance is essential for the growth of a definite number! 


‘ 


of yeast cells. This finding was made the basis of the present 
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method for the quantitative determination of this substance 
which in all probability is identical with the beri-beri curative 
vitamine. In all experiments, except the one with the thyroid 
extract, the quantitative relation between unit weight of vita- 
mine and number of yeast cells produced has been demonstrated. 
In the case of the thyroid extract we undoubtedly have to deal 
with a substance which is toxic to the yeast cells, in addition to 
the growth-promoting substance. So we have in the thyroid 
extract really not an exception, but a more complicated situation. 

The foregoing experiments also show the distribution of vita- 
mine in the animal body. We find the pituitary and pineal 
gland highest in vitamine content. Although little may be 
known at present of the function of these glands still there seems 
to be enough experimental evidence to indicate their close rela- 
tion to growth and sex development. Most of the other organs 
of internal secretion—suprarenal, testis, ovaries, and thyroid, all 
of importance to growth development—contain about the same 
amount of vitamine per gram of dried tissue. A somewhat higher 
concentration of vitamine is found in liver and kidney. On the 
other hand little was found in those glands which contain much 
nuclear material—the thymus, pancreas, and lymph gland. This 
fact may be partly contradictory to the fact that a high amount 
is found in the yeast cells also containing large quantities of 
nuclear material. The experiments with the pancreas seem to 
indicate that the vitamine is present here in the form of vita- 
minogen. This vitaminogen may be acted upon by acids or 
possibly ferments to liberate the active growth-promoting sub- 
stance. It is interesting to note that the sciatic nerve also con- 
tains remarkable quantities of vitamine. 

The experiments of Funk and Emmett and Allen® showed 
that all these organs were primarily affected by vitamine defi- 
ciency. The finding of vitamine in all these organs seems to 
indicate the importance of vitamine for growth or sex develop- 
ment. Whether this vitamine is a growth-promoting substance, 
e.g. whether it facilitates the building up of the animal body 
in general only, or whether it is particularly a sex-promoting 
substance, remains to be determined. 


>Emmett, A. D., and Allen, F. P., J. Biol. Chem., 1920, xli, p. liii 
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SUMMARY. 


1. The biological test of Williams for the detection of small 
quantities of the water-soluble B vitamine was developed and 
found to be of quantitative value. 

2. The method was applied and the vitamine content of various 
organs determined. A summary of all determinations, giving 
the different vitamine numbers, is found in Tables III and IV. 

3. From the results of these determinations it is evident that 
this specific vitamine is present in large quantities in most of the 
organs of internal secretion which are of developmental impor- 
tance, whereas it usually is present in very much lower concen- 
trations in other organs examined. The liver and kidney, how- 
ever, are high in vitamine content. 

1. The tissues high in nuclear material, such as thymus and 
lymph gland, were found low in vitamine content 

5. The fresh pancreas was found low in activity. It is sug- 
gested that high content reported by others may be due to 
hydrolysis. 

6. The thyroid was the only organ in which an increase in con 
centration of the vitamine fraction caused a toxic action. With- 
out proper dilution the vitamine activity would not be observed. 

7. These vitamine determinations brought additional evidence 
that the substance which increases the multiplication of the yeast 
cell is identical with the beri-beri curative vitamine 

In conclusion I wish to acknowledge my indebtedness to 
Professor F. C. Koch and Dr. R. J. Williams for valuable advice 
given me throughout the research, and Dr. M. Hines for her 


assistance in the dissection of different organs. 



































STUDIES OF AUTOLYSIS. 


VI. EFFECT OF CERTAIN COLLOIDS UPON AUTOLYSIS. 


By H. C. BRADLEY anp H. FELSHER. 
From the I i f Physiological Chemistry, University of Wisconsin 
Madison. 


Received for publication, September 2, 1920. 


In 1907, Ascoli and Izar' published the first of a series of inter- 
esting observations on the effect of inorganic colloids upon the 
rate and extent of autolysis. The results reported in this first 
paper show that the metallic hydrosols, gold, silver, and platinum, 
ire able to increase autolysis very markedly. Thus 9 mg. of 
colloidal silver in a digest containing 20 gm. of liver were sufficient 
to cause a 100 per cent increase of digestion in a pe riod of 60 
hours. The three metals were found to behave exactly alike 
except for minor quantitative differences. The effect appeared 
to be due. ther fore, to the colloidal state rather than to any 
chemical action which would be specific for the elem«¢ nt add d. 

\utolysis was determined by removal of proteins by heat coagu 
lation and acetic acid, and the estimation of non-coagulable nitro- 
gen in the filtrate. In subsequent papers the coagulation was 
performed in the presence of an excess of KH.P% V4. The metallic 
hvdrosols were found to increase autolysis in slightly alkaline 
mixtures as effectively as in the normally acid digests. This 
statement 1s of particular interest when it is recalled that alkaline 
or even neutral tissue pulps normally do not autolyze at all. The 
colloids would appear to be remarkably effective if they can over- 
come the regular inhibitory effect of alkali. 

The authors give three possible explanations of the mechanism 
of increased autolysis; (1) the hydrosols may activate the enzymes, 


2) they may counteract some antiautolytic substance in the mix- 


ture, or (3) they may have direct catalytic action in themselves 


. Wo 


, 1907, xliv, 96, 659 
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facilitating the hydrolysis of liver proteins along with the enzymes. 
The authors evidently incline to the last hypothesis, and find in 
it a confirmation of the point of view suggested by Bredig? 8 
vears before. Bredig indicated the similarity in the action of 
colloida! sols and the enzymes which decompose hydrogen per- 
oxide. It Ied to the rather widely accepted hypothesis that the 
enzymes accomplish their catalytic effects by virtue of their 
colloidal character chiefly, and that therefore other typical diges- 
tive reactions besides the decomposition of hydrogen peroxide 
might be simulated by inorganic colloids. 

The experiments of Ascoli and Izar offer confirmation too, and 
explanation of the fact already announced by Galeotti and Todde’ 


and Robin and Bardet,* that injections of metallic hydrosols lea 


} 
I 
] 
1 


to increased nitrogen elimination as a result of some deep seatec 
increase of catabolism. The impression gained from the paper of 
Ascoli and Izar and their subsequent publications is that the 
colloidal sols, acting probably like hydrolytic enzymes themselves, 
accelerate the hydrolysis of proteins both in vitro and in vivo. 
Such increased protein and purine breakdown results in increased 
total nitrogen elimination and in particular increased uric acid 
output. The facts developed by Ascoli and Izar in their studies 
correlate, therefore, very perfectly with the finding of increased 
catabolism, produced by injecting colloidal sols. 

The number of inorganic hydrosols which increase autolysis 
was found to be very large. Indeed, not one of the series investi- 
gated by Ascoli and Izar failed to produce marked acceleration 
and increase of autolysis, varying from 50 to 500 per cent in 
some instances. Metallic sols were prepared usually by the Bredig 
method and included gold, silver, platinum, palladium, copper, 
ete. Colloidal hydroxides were used, as of iron, aluminum, man- 
ganese. Sulfides, as arsenic sulfide, As2S;, were very potent in 
increasing the digestion. The variety used is so wide, including 
positively and negatively charged colloids, that the conclusion 
seems inevitable that the effect is attributable in some way to 


2 Bredig, G., Anorganische Fermente, Leipsic, 1899. 

3 Galeotti, G., and Todde, Lo Sperementale, 1902, 341, quoted by Ascoli, 
M., and Izar, G., Biochem. Z., 1907, v, 394. 

‘ Robin and Bardet, Bull. Therap., 1904-05, quoted by Aseoli, M., and 
Izar, G., Biochem. Z., 1907, v, 394. 
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the colloidal state, the only factor in common to all the sols tried. 
The chemical composition of the particular colloid has little to 
do with the reaction. The authors do conclude, however, in a 
later paper,’ that the intensity of the effect is somewhat dependent 
upon the group to which the element belongs. 

Our own study of autolysis, and much of the earlier work, has 
established the fact that acids are the usual accelerators of this 
reaction. Indeed so many of the examples of acceleration re- 
corded in the literature have proved to be due to the acidity, 
rather than to other assigned reasons, that one is inclined to 
assume that this is the only true cause of acceleration, aside from 
that resulting from the direct addition of digestible protein to an 
autolyzing tissue pulp. Thus the accelerations reported by Preti® 
for lead, iron, and manganous salts are found to be due, not to 
the metallic ion at all, but to the acidity produced when such 
salts hydrolyze in water. The acceleration due to bromine and 
iodine, phosphorus under certain conditions, carbon dioxide, sali- 
evlic and boric acids, etc. are all associated with increased acidity 
(Morse,’ Yoshimoto,® Bradley,? ete. 

Not only are acidity and added protein the only firmly estab- 
lished conditions for increased autolysis of which we are aware, 
but from the logic of our own experiments we are forced to the 
conclusion that these two mechanisms are identical, and that 
acids are effective agents in the reaction because they increase 
the mass of available protein substratum in the digest. They 
convert the great mass of normally undigested and indigestible 
proteins of the tissue into proteins which are attacked by the 
enzyme. The effect of adding acid is therefore exactly like that 
of adding acid albuminate or casein or gelatin; it increases the 
mass of substratum and so causes increased amino-acid production 
per unit of time, and a larger absolute amount when equilibrium 
is attained. 

It was recognized early in our study of autolysis that the results 
of Ascoli and Izar were likely to constitute some sort of an inter- 


Ascoli, M., and Izar, G., Biochem. Z., 1909, xvii, 361. 
* Preti, L., Z. physiol. Chem., 1909, Ix, 317. 
7 Morse, M., J. Biol. Chem., 1915, xxii, 125. 
® Yoshimoto, S., Z. physiol. Chem., 1908-09, Iviii, 341 
* Bradley, H. C., J. Biol. Chem., 1915, xxii, 113. 
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esting exception to this general behavior of autolyzing gland 
tissue. No patent explanation of this behavior of colloidal solu- 
tions was forthcoming which could relate it in any way with the 
addition of acid. We have therefore purposely put off the rein- 
vestigation of this problem until we felt more familiar with the 
normal and usual mechanism of the reaction, and until we were 
in better possession of the fundamental factors that control it. 
Feeling sure of the ground already covered we have now proceeded 
to take up the study of the effect of colloids upon the reaction, 
with a view to determining whether they affect the enzyme, or 
the proteins, to produce the increased autolysis. To our complet 
surprise we have thus far failed to find any real case of undoubted 
acceleration of autolysis by the presence of an inorganic colloid. In 
view of the many experiments performed by Ascoli and Izar, and 
the great detail with which they are reported, we do not wish to 
offer further comment at this time, but merely present our data 
as obtained thus far. Some accelerations have appeared in our 
results. The more prolonged and complete the purification of the 
sol by dialysis, the more certain it is that the sol would be without 
effect. As a rule further dialysis of the colloid has reduced or 
removed this acceleration along with small amounts of acids or 
acid-reacting electrolytes. It is possible that such prolonged dial- 
ysis alters the physical character of the colloid and thus renders 
it inert, though of this we have no visible evidence. The more 
likely explanation appears to us to be the removal of traces of 
acids or electrolytes producing acid by hydrolysis. The following 
protocols will illustrate how completely at variance are our results 
with those published by Ascoli and Izar. 


EXPERIMENTAL. 


The digests were made with liver pulp exactly as in previous 
papers. ‘Titrations of amino-acids constitute our criterion of 
autolysis in all cases. In certain experiments we have used in 
addition the methods of heat coagulation as described by Ascoli 
and Izar. We believe the trichloroacetic acid method of pre- 
cipitating the proteins to be more reliable, however, than the 


methods of coagulation by heat. 
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Experiment 1. Effect of Colloidal Silver.—Two types of silver sols were 
used, one prepared by arcing under distilled water with silver electrodes, 
the other by reducing a silver nitrate solution with phosphorus dissolved 
in ether. The solutions were deep brown, filtered readily, and were stab- 
ilized with small amounts of dialyzed gelatin. All these solutions would 
decompose hydrogen peroxide 

Silver Sol I.—This was prepared by arcing between silver electrodes 
under distilled water until the solution was a deep brown. The solution 
was kept surrounded by cold water during the preparation, but the tem- 
perature was frequently as high as 80°C. After filtering the sol a few cc. 
of 1 per cent gelatin were added to stabilize the colloid. There was not 
enough available protein added to disturb the results by the digestion of 
the stabilizer. The results are given in Table I. 


rABLE I, 
Silver Sol I: Beef Liver 


Da 
Vet i 
Control 0.55 | 1.20 | 1.30 | 1.30 0.75 
- l ec. Ag Sol I 0.55 | 1.30 | 1.30 | 1.35 0.80 
oS) ae 3 ’ 0.55 | 1.30 | 1.35 | 1.35 0.80 
uw a hE 0.55 | 1.30 | 1.30 | 1.35 0.80 
29“ Age * | ‘ 0.55 | 1.30 | 1.30 | 1.35 0.80 


Silver Sol II.—This was prepared in the same way, filtered, stabilized 
and dialyzed (Table II 
rABLE I 
Silver Sol IT; Beef Liver 


Days 
te 
0 
Control 1.10 | 1.50 | 1.60 | 2.10 1.00 
= + 10 ec. Ag Sol II 1.10 | 1.40 | 1.75 | 2.30 1.20 
i a” ta ™ §F 1.10 | 1.40 | 1.80 | 2.35 1.25 
50“ Ag “ II 1.10 | 1.40 | 1.70 | 2.30 1.20 


Silver Sol III.—Dialyzed gelatin was added to distilled water to a 
strength of 0.03 per cent. The sol was prepared by the Bredig method 
with the gelatin present. The resulting sol was alkaline and showed 
ammonium compounds and silver salts in solution, from the decomposi- 
tion of the gelatin. The preparation was dialyzed for many days till 
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neutral and free from salts of silver. This was a very strong sol, appear- 
ing black except in thin layers, when it showed the typical brown color. 
It decomposed hydrogen peroxide rapidly. The results are given in Table 


IIT. 
rABLE Ill 
Silver Sol III; Beef Liver 
Days 
Net gain 
0 1 3 
Control , ; 0.40 | 0.95 | 1.10; 1.10; 0.7 
“ + 0.5 ec. Ag Sol ITI 0.40 | 1.00 |} 1.05 | 1.10 0.7 
- + 25% Ag * III] 0.40 | 1.00 | 1.05 | 1.10 | 0.70 
+ 15 > 2. ©. gea.. 0.45 | 1.00 | 1.05 | 1.10 0.65 
” -3o “ Ae * Ti 0.45 | 1.00 | 1.05 | 1.10 0.65 
" + 5O ” ie” Ill. 0 40 1.00 1.05 1.10 0.70 
Silver Sol IV.—This was made up from a silver nitrate solution, by the 


addition of ether saturated with phosphorus. After the reduction was 
complete, films and particles of metallic silver were filtered off, the sol 
was stabilized with gelatin, and the mixture dialyzed till free from phos- 
phoric acid. It decomposed hydrogen peroxide less rapidly than No. ITI 
f and was evidently less concentrated (Table IV 


ql rABLE IV 


Silver Sol IV; Beef Live 


Z D 

3 

i Control 0.50 | 0.90 | 1.00 1.00 1.10 0.60 

a ” + Jee. Ag Sol IV 0.50 | 0.90 | 1.00 | 1.00 | 1.10 0 60 

q “ 45 Ag “TV... 050 0.90' 1.00 1.10 1.10 0.60 
10 * Ae “ Ty 0.50 | 0.90 1.00 1.00 1.10 0 60 

\ 20° Awe * Ty 0.50 | 0.90 | 1.00. 1.00. 1.10 0 60 

: ° + HCl 0.50 | 1.70 | 2.40 | 2.65 | 3.20 | 2.70 

‘ 

4 With these four silver sols then, stabilized as were Ascoli and 

it Izar’s, and carefully freed from impurities by prolonged dialysis 

} in collodion bags against distilled water, no results could be 

detected. They neither accelerated nor inhibited the course of 

i autolysis. Yet silver sols were very effective in the hands of 

y Ascoli and Izar and were used as standards with which to com- 

5 
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pare other hydrosols. All the sols were thoroughly stable, and 
after several months showed mere traces of filterable precipitates 


or none at all. 


Experiment 2. Effect of Fe(OH);.—Having failed to confirm the results 
reported by Ascoli and Izar with colloidal silver, we took up another 
colloid, easy of preparation, stable, and readily purified. Fe(OH); may 
be obtained by pouring FeCl, of proper strength into distilled water. Such 


preparation is always acid from the hydrolysis of the FeCls. sy pro 
longed dialysis it may, however, be obtained quite neutral. It is obtain 
ible also on the market Merck’s ‘‘dialyzed iron,”’ a 5 per cent FeO, 
commercial hydrosol, was used in our experiments first. The preparation 


gave evident acceleration. It was also quite acid. When, however, it 
was thoroughly dialyzed for a week against many changes of distilled 
water, it no le nge! had inv etiect on the reaction Table V) 

rABLE \ 


Collo lal Fe ic H jdroxide Bee f l iver 


Day 
ri 10 

Control 050)}095 > 1.05 1.05 | 1.30 0 80 

- t+ 0 5 ec. Fe(OH 0.50 | 0.95 1.05 1.10 | 1.30 0 SO 

2.5 “ Fe(OH 0.50 | 0.95 | 1.05 | 1.10 | 1.25 0.75 

+100 “ Fe(OH 0.50 | 0.95 1.15 1.15 1.35 Q 85 

-50.0 “ Fe(OH 0.50 ;:0.95 | 1.05 | 1.20!1.40 0 90 

+25.0 “ Fe(OH com 

mercial 0.50 | 1.65 | 2.00 | 2.40 | 2.70 2.20 
his experiment has been repeated a number of times with 
the same results in each case. As long as the hydroso! contains 


chlorides which can be found in the dialysate after a few hours 14 


wil 


| accelerate autoly sis. When the chloride test becomes quite 
negative, the accelerating action ceases In certain of the expert 
ments in which this hydrosol was used, Ascoli and Izar controlled 
its action by adding to a digest an amount of HCI equal to the 
acidity of the iron sol It is inexplicable that their figures show 
no acceleration of autolysis on this addition of HCl. Thev do 
not state how they determined what the acidity of the hydrosol 
was, so that we have no means of Judging the accuracy of their 
estimate. It is interesting to note that the ferric hydroxide pres- 


ent in these digests does not inhibit the digestion in the least 
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This shows clearly that the hydroxide is not considerably dis- 
solved by the organic acids present in the digests, for if it were it 


would tend to maintain the neutrality of the mixture and so pre- 


vent or inhibit autolysis. Small] amounts of soluble ferric and 
ferrous salts are produced, so that in digests carried on for many 
days or weeks there is sufficient of the iron salts to make the end- 
points in titration difficult, and so cause the figures to appea 
somewhat higher than they sno ld be. Thus in the long contin- 
ued autolysis, the digests containing the hvdrosol do show slight] 

higher figures if titrated in the usual wav [f, however, the iro 
is first separated bv the addition of sodi ts ind boiling 

the I f { Lt} ( LCTUL ik the ( ( 


ar f pT! ( D LISSO1L v rsen x ig vat i hie 
solut n was hiterea l a n I drogen sull le I n in till the m I! m 
co I ey pea hiss l l s then ltere¢ l stal ized el ne ‘ n 
gelat ith starch. Star s found to be very eff¢ easast er 
prev ng the pret tat I ~ fide by il 1 ¢ tl lytes niess 
of ? lerable conecentrati | stabil v I I ¢ her gel I 
stare ild q icklv be eliminated in a liver « gest the enzy es 
present convert both of these colloids to non-colloidal compounds. The} 
re useful Vv in preventing precipitation during the process purifica 
tion. The sol repared were dialyzed for several days, and a strean 
of a was } vn through the rS or 10 rs to ren e the excess 
of hvdrog | The re ul « excess hvdrogen lfide i I 
mpo! \ smal int that gas is suf l ton ( 


Conttfo! 0.70 | 2.80 | 3.50 2 80 
H.S (10 see. bubbling).. 0.70 4.00 | 5.00 1 30 
H.S ( 2 min. " 0.70 | 4.00 | 4.85 115 
HS (5 “ ” 0.70' 4.00 480) 4.10 


We have found considerable accelerations when using sols of arsenic 
sulfide which had been dialyzed only a few days. The identical sols after 


more prolonged dialvsis still showed some accelerating action. Arsenic 
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It may be that the accelerations obtained | Ascoli ar 17 
were due to the small remaining acidity and to hydrolysis of the 
sulfide. It is interesting to note that this colloid qaoes not have 
any apparent effect in decomposing hydrogen peroxide, and is 


oxidized only very slowly 


Following the methods Ol Ascoli and Iza1 as closely as pos- 
sible we have tried the effect of several hvdrosols upon the autoly- 


sis of the liver. Where accelerations were demonstrated acidity 


could also be detected, and in preparations highly purified by 
long dialysis no accelerating action could be found. 

The colloids used were silver sols, colloidal ferric hydroxide, 
and arsenic sulfide, all of them reported as very effective by Ascoli 
and Izar. We have thus far failed to confirm any of the findings 


reported by these authors. 





















EXPERIMENTS ON CARBOHYDRATE METABOLISM 
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III. THE PERMEABILITY OF BLOOD CORPUSCLES TO SUGAR. 
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Che subject of th permeability of the blood corpuscles to 
sugar was reviewed in 1913 by Allen! and in 1917 by Gradwohl 
and Blaivas.2. Analvses covering both plasma and corpuscle 
sugar during glucose tolerance tests in human subjects were 
made by Bailey. A large number of comparative analyses upon 
diabetic patients have already been published.‘ According to 
some statements in the literature, the corpuscles sometimes con- 
tain little or no sugar; according to others, their sugar content 
does not differ greatly from that of the plasma: and another 
behef has been that the corpuscles take up sugar more slowly and 
retain it longer, so that their sugar content is low in the early 
stages of hyperglycemia but above that of the plasma in the 


declining stag 


Ss, The preponderance of experience is that the 
sugar content of the corpuscles is usually a little below that of 
the plasma. 

The present investigation was carried out as part of an inquiry 
into the permeability of body structures for sugar, with a special 
view to any changes occurring in diabetes. Several other physi 


ological and pathological conditions were considered, also thi 


t Allen, F. M., Studies concerning glycosuria and diabetes, Cambridge, 
1913, 6. 

> Gradwohl, R. B. H., and Blaivas, A. J., J. Lab. and Clin. Med., 1916-17, 
11, 416 

» Bailey, C. V., Arch. Int. Med., 1919, xxiii, 455. 

‘Allen, F. M., Stillman, E., and Fitz, R., Total dietary regulation in 
the treatment of diabetes, Monograph of The Rockefeller Institute for 
Medical Research, No. 11, New York, 1919. 
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possible differences between species and between permeability 
in vivo and in vitro. Numerous analyses of the corpuscle mass 
after thorough centrifugation were performed, but these were 
rejected in favor of calculations based on comparative analyses 
of whole blood and plasma. The method of analysis was that of 


rABLE I 


Vormal Dogs Receit ing Glucose by Stomach. 


Ur i be 
oS | 8 
ra ae sj} & 
= S | 3 = 
he a r s\«@ ~ 
i =) e v ~ = 
. ~ z “rt of bar 4 ~ 
¢ r. J 8 A Eg a 


Vi 
I 


Dog B2-98. Weight 4.3 kg. Given 9 gm. glucose per kg. by s omach 
tube in 30 per cent solution 


, - ] 


0 0.062 0.079 0.026 3.04 72 32 | Blood before feeding. 


13 | Slight. 0.159.0.2320.017:13.64 70 34 } hr. after 
5 0.22 (0.3450.37110.274| 1.35) 63 27 li hrs 


14 | Faint. 0.1160.1250.086 1.45) 45 23 | 14} 


} 


Dog C3-22. Weight 36 kg. Given 15 gm. glucose per kg. by stomach 


tube in 54 per cent solution 


0 0.0890.1110.0385 3.17 71 29 Blood before feeding. 
Temperature 10] F. 
16 | Faint. 0.1610.2220.043 5.16 87 34 4hr. afterfeeding. Tem- 


perature 1O1.1° F. 


13 0.15 0.1470.1590.124! 1.28) 86 > Lhr.afterfeeding. Tem- 
perature 101.0° F. 

39 0.63 0.1560.1750.122) 1.43) 85 36 | 24 hrs. after feeding 

Temperature 100.6° F. 

{] 0 48 0.1790.2080.127 1.63 110 36 32 «6hhrs. after feeding. 

Temperature 100.5° F. 

Lewis and Benedict The reasons for the usual lack of strict 

agreement between the analyzed and calculated corpuscle sugars 

and for elving pre ference to the latter are obvious. Attention 


may he directed also Lo the necessity of precautions for complet 


precipitation of protein when dealing with corpuscles or ever 


Lewis, R. ¢ ind Benedict, 8S. R., J. Biol. Cher 1915, xx, 61 
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whole blood. Traces of unprecipitated protein may have! an 


action upon either copper or picrie solutions, and such small 


slips of technique are probably the commonest explanation of 


results which show the sugar concentration in the corpuscles as 


high as or higher than that in the plasma. Even with the great- 
est care in all particulars, any long series will show occasional 


Ir 
- ae 
. ZL 1> 
ba - — Kn 
< 5 7. om 
> =] = nia = 
: = - e. a|e& E - 
- te < = ~ ~ _ ~ 


Dog (3-07. Weight 14.3 kg. Given 4 gm. glucose per kg. sub« f sly 
in 30 per cent solution 
0 0.0960.1000 087 1.14 64 31 Blood before injecti 
164. 0 0.0940.0990.083 | 1.19 45 33 | IS} hrs. after injection 
Fed regular diet 
118 0 0 1330.1390.114 1 21 5O 24 265 hrs iter 1! 
1.279 O 0.1150.1770.109 | 1.07. 54 26 $2 
Dog C 3-36 Weight 17 kg Given 6 gm. glucose per kg. intraperitone- 
ind 4 gm. per kg. subcutaneously in 30 per cent s j 
. ‘ 
| + i t 7 niect I 95 Init 
0 093.0.1150 0638 1 §2: 114 13 Blood before 
0 286 1.0000. 160 6 25 14S 5 min Llter nd in- 
it T 
0 57S Q 143* 12? 25 min il 
ectLol 
* Determine 
liscrepancies in the ratio of corpuscle sugar to plasm sugar 
which probably represent analytical errors 
Tables I and II show the results at various intervals after 


enteral and parenteral doses of glucose in normal dogs Che 


corpuscle sugar is regularly below that of the plasma, both d ring 


the rise and during the decline of hyperglycemia; and sometimes, 


: 1 ‘ ‘~" ] 4 ° 
as in Dogs B2-98 C3-22, the difference is extrem 
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Tables IIL to VI likewise illustrate the effect of glucose by 
stomach or subcutaneously in dogs depancreatized short of 
diabetes. There are minor differences between individual dogs 
but no perceptible change of corpuscle permeability due to the 


rABLE III 
Dog B2-60. 


After removal of only the splenic process of the pancreas. Weight 45 kg. 


i@ Sugar 


a 


rpus 
orpust le sugar 
£ 


Plasn 


Hen« 


4 gm. glucose per kg. by stomach tube in 30 per cent solution 


c gm ’ 3 
0 0.133.0.13860.127 1.07) 40 344 | Blood before feeding 
70 0.76 0.2000. 2780042) 6.61) 52 33 2} hrs. after 
260 0 0.0950.1050.073 1.44) 60 32 | 103 
35 0 0.0880.093.0 076 1.22) 49 30 | 23 


t gm. glucose per kg. subcutaneously in 30 per cent solution 


0 0 0860 081.0.097) 0.83) 54 31 Blood before injeetion 


55 | Slight. '(0.1250.1350.113) 1.19) 96 16 6 hrs. afte 
65 026 0.10830. .1430.056 2.55) 8S mig “ 


600 ec. O.S5 per cent NaCl solution subcutaneously 


0 0.1050.1050 105 1.00. 71 11 Blood before injection. 
A5 0 0.1170.117:0.117' 1.00! 75 35 3 hrs. after 
Q? 0 0.1000.1050.088' 1.19) 60 30 5} “ ” 
312 0 0.0910.1100.058 1.89 77 37 | 24 


operation. Control doses of plain saline also gave no change. 
This series included Dog B2-01, which was characterized by a 
noticeably low renal threshold for sugar,® but the corpuscles 


appeared no more permeable than in other dogs. 


¢ Allen, F. M., and Wishart, M. B., J. Biol. Chem., 1920, xlii, 420, 439 
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090 1.59 S7 10 
103) 1.09 i ov 
OSO 1.39 SO ob) 
057 1.89 jl 1) 
in 30 per cent soluti 


104. 1.02) 110 19 
079 1.86 120 1 
111) 1.00 95 14 
ent Nat solut n 
110 1.16 63 7) 
O81, 1.45 rei 30 


in 30 per cent solu 


053 2 


OSO 1.36 91 
18) (65 
109 1.07 16 


oo 


34 





tion subecutaneo 


Wi ont O KZ 
P 
on bv stomacl ibe 
Blood before fee 
3 hrs te 
10) 
. } tang < 


usLYy. 


Blood before inject 
IS hrs aiter 
Fed regular diet 
26 hrs ter inje 
4? sé sé se 
























t10n. 
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0 0.122; 0 
0 0.161, 0 
0 0.100) O 
a) 0.096 O 
0 0.091) 0 
0 0.078!) O 
0) 0.105: O 
0 0.1138 0 
(0) 0102. 0 
3 gm. glue 
0 0 
Slight. 0 
0.69 ) 
(} 82 0) 
Faint ) 
140 ce. 
0 0.114 0 
int.| 0.105 O 
0 0.100 O 
0) 0.128 0 
0 0.112) 0 
0 0.100) O 


Weight 14 kg. 


3 gm. glucose per kg. in 


122 
238 
110 
094 
091 
110 
11] 
LIS 


108 


065 0 
154.0 
L340 
098.0 
100.0 


116 
114 
.130 
130 
118 
102 


0 
0 


122 
115 
0 OSO 
0. 100 
0.091 
0 O28 
0 094 
0.102 
0 O89 


065 0 
163.0 
1540 
109 0 


Lis 0 


O.85 per c 


0 


0 


110 
0.085 
0.036 
122 
0.097 
0.095 


er nt pe 
1.00 52 36 Blood before fee 
2.07 58 3 1 ho after 
1.37 65 3 S hrs 
0.94 61 gy 10 
1.00 58 Ss 15 
> .93 71 9 24 
1.18 5S on) 27 
1.15 60 52 oe) 
1.2] | 2 52 
in 30 per cent solution subcutaneously 
= a | 
065, 1.00) 100 oO RB | before inje¢ 
103. 1.58) 105 19 2} hrs. after 
115) 1.34! 120 52 s 
O86 1.26 100 9 | II 
O75) 1.57) 97 Z| Ze 
nt NaCl soluti subcut f s| 
1.05 59 4 Before injection. 
1.34 58 32 1 hr. after injection. 
3.61 67 32 33 hrs. = 
1.06 10) 27 6} " 
1.21 5S Y) 10 
1.07 57 24 2 


TABLE V 
Dog B2-00. 


Depancreatized not quite to point of diabetes. 


30 per cent solution by stomach tube 


DOS 





ding 
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rABLE VI 
D 7 B rfj}] 
Weight 14 kg. Depancreatized not quite to point of 
4 gm. glucose per kg. in 30 per cent solution bv st u( 
0 0.090 0.116 0.068 1.70 109 Blood be 
Faint 0.179, 0.192, 0.164 1.17 114 17 L hi tt 
0.100 0.106 0.092) 1.15 LOO 15 > hrs 
0 0.105 0.131 0.079 1.65 104 50 7 
0 0.089 0.132 0.029 4.55 101 12 »4 
4 gm. glucose per kg. in 30 per cent solution subcuta 
0.099 0.172 0.084 5.06 105 53 Blood befor 
0.166 0.244 0.096 2.54 124 53 + hr. after 
0.192) 0.266 0.115) 2.31 104 19 > Bers. 
0.217) 0.284) 0.160) 1.77 LOZ 4 5 sg 
0 200 0.324 0.080. 4.05 106 51 7 
0 166 0 230 0.121 1.90 LOS 59 9} 
0.151 0.186 0.108 1.72 100 5 12 
0 15S 0.163 0.151 1.08 97 13 14 
0.100 0.146 O Of] , 56 100 14 OF 
I I! 
Dog B 
Weight 10.5 ke Verv mild diabetes 
> gm. glucose per kg. in 30 per cent solution by stomac 
. , = a gis - z 
0 0 1540 2440.019 12.84 SO 10 Blood before 
£50 0.196. 0.2700 080 § 37) 82 9 1 hr. after 
L.S85 0.1490.1590.138 1.12 77 38 | 23 hrs 
Very faint. 0.0930.1120 062 1.80 75 38 | 4 
0. 0940.112 0 067 





























diabetes 


feeding. 
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The same conclusions hold for the mildly diabetic (Tables VII 
and VIII) and the severely diabetic (Tables IX and X) dogs. 
The last mentioned animal was found® in the preceding paper to 
have a very high renal threshold, but no comparable change in 


the permeability of the corpuscles for sugar was demonstrable. 


rABLE VIII 


VU ldly Diabet Dogs on sila } Fee ling. 


Dog B243. Weight 10 kg. July 19, 1915 


0 0.1330.103 1.29. 70 43.5 Blood before feeding 100 gm. 
bread. 
Faint. 0.137.178 0.087; 2.04. 96 | 45.0) 2 hrs. after feeding. 
0.53 0.1890.2220.133) 1.66 37.115 ’ = we 
July 23 


0 0.1160.125'0.100) 1.25) 96 37.3 Blood before feeding 100 gm. 
bread. 


0.98 0.172:0.2170.095, 2.28; 93 | 37.0 3 hrs. after feeding. 


Dog B2-71. Weight 14 kg. 


0 0.1250.112} 1.11; 90 | 27.2) Before feeding 200 gm. rice. 
0.29 0.213)0.286)0.100) 2.86; 72 2 hrs. after feeding. 


1.47 0.2440.286 0.157 1.82 32.555 “ « “ 


Table X gives the results of direct analyses of the corpuscles in 
comparision with the plasma after fat feeding in a severely dia- 
betic animal. Though marked lipemia occurred, there was no 
appreciable alteration in the distribution of sugar between plasma 


and corpuscles. 
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The totally depancreatized dog in Table XI had a noticeably 
high permeability of the corpuscles for sugar, both after the 
operation alone and after administration of 5 gm. of glucose per 
kilo by stomach. The ratios, nevertheless, varied with the 
usual unexplained irregularity, and there is no proof of any spe- 
cific alteration due to pancreatectomy. 


rABLE X 
Dog B2-79. 


Severe diabetes. Fat feeding. 


P.. ‘ 

3 , eS 

S| by 

= 2 Sis 

hee i Dn s| 2 

Ms = = ais 

=] ba oc = ie 

x x Nn ee: 

=} 3 2| 35 

2 & ~ ais 

- 8 & =i 
16 per cent |per cent|per cent 


Oct. 7) Faint.! 0.182! 0.075 2.42 | Blood before feeding 300 gm. lard 


0 0.186; 0.109 1.70 4% hrs. after 

9 0 0.118! 0.076 1.55 | Blood before " 240 gm. suet 
0 0.132} 0.081 1.68 | 4 hrs. after 

11 0 0.136 0.081 1.68 Blood before ” 360 gm. suet 
0 0.166 0.112) 1.48 | 43 hrs. after 

14 0 0.137) 0.125! 1.09 | Blood before - 500 gm. suet. 
0 0.128! 0.088! 1.54 | 4 hrs. after 

16 0 0.137' 0.085 1.61 Blood before , 100 gr suet 
0 0.154) 0.085 1.81. 53 hrs. after 

95 0 0.143! 0.083) 1.72 Blood before 230 gi aie 
0 0.143 0.083 1.72 | 3 hrs. after _ 


Tables XII to XVIII show the effect of exercise in a series of 
dogs ranging from non-diabetic to severely diabetic. The nega- 


tive effect upon the permeability of the corpuscles to sugar is in 


harmony with the results of experiments upon human diaheties 


7 Allen, Stillman, and Fitz,4 Chapter \ 














& 
0 (0.1000 
0.1410 


30 | 0.160.2000 
65 1.050.2500 
70 | 2.180.2380 
120 | 4.300 2630 
ay 2.590 2000 
60 | 2.000 2440 
110 | 4.790.2700 
113 | 3.94.0.2270 
150 | 5.180.3120 
100 | 5.000 3340 
110 | 5.860.3340 


115 | 5.000 .3550 





5 gm. glucose per 


90 | 4.2970.2440 
1) 1 050 3850 
15 | 0.710.3840 
50 2.780.7280 
65  0.160.6660 

No urine 1.1801 
6 6 0.8001 











Weight 15 kg. Total pancreatectom 


100 0 


236 0 
2700 
2700 
282 0 
365 0 


Zab 
3140 
2700 
256 0 
108 0 
500 O 
100 0 
100 0 


| 


358 0 
LOO 0 
500 0 
800 0 
9100 
330.0 


1400 


= &| 3 = 3 
eae per pe 
100 1.00 75 34 Blood | before pancrea 
tectomy ‘ 
015 (?7)|15.73, 92 43 During ether anesthesia 
103 2.62) 105 2 | 3 hrs. after operation 
220 1.22) 107 10) 5 7 ‘ 
184 1.53) 101 15 7 
138 2.64 95 45 | 134 
159 1.42) 8&7 1 | 16 , 
129 2.43 99 aS LS ; 
270 i00 98 BS | 21 
175 1 46 8&6 356 | 23 
125 5.26; 82 4 26; 
063 7.93) 81 38 | 295 
O08 1 94 80 +4 32 
268 1.49) 75 34 aS 
30 per cent solution by stomach tube, 48 hrs. after 


050 
364 
160 
636 
367 
SAO 


140 
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rABLE XI 


Dog C3-01 


peration 


7.10 8&8 37 Blood before feeding 
1.09, 95 $2 t hr. after - 
3.12) 95 $4 l 

1.25; 95 14 t hrs 

2 47 SO 15 S 

1.48 SS 5+ 9 


8.14 88; 34/12 “ *« 





> ee 








574 Carbohydrate 


Metabolism and Diabetes. 


IT] 


The dog in Table XVIII had not only severe diabetes and a 
high renal threshold, but also marked acidosis. It is t 


able that acidosis had no demonstrable influence upot 


concentration in the 


rABLE XII 


Dog B2-00, 


hus notice- 


1 the sugar 


Depancreatized just short of diabetes. Exercise. July 28,1915. Fasting 
e — I 
"es 
per 
0.097 | 0.105) 0.079 1.32 SO ol .0 Blood before exercis 
0.097 | 0.115) 0.057, 2.01 S9 o1.2 After lL hr. of exercise 
0.094 0.102 0.079 1.29 70 50 t hrs 
(et, 5 ] xereis W th »> on g| Se pe r gy DV stomac h Lube 
7 
0 0.128 0.084 1.52 110 13.0 Blood be I eding nd exer- 
r 
0.182 0. OS] 4 100 15.0 A fte | reise i 40 
min. alter feeding 
0 0.1384, 0.100 1.34 4 8.0 After 1 hr. of exercise and 70 
min ter feeding 
I iT 


0 0 200 0.109 1.838 SS 10.5 After 1 hr. of rest 


In Tables XIX to 
upon the sugar conte 
diabetic, and severely 


Table XXII shows 


in a small adult horse 


XXI, cold had no perceptible 


it of the corpuscles in non-diabe 
diabetic animals. 
the effect of intravenous glu 


Table XNNITI illustrates 


/ 
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rABLE XII 
Dog B2-0 
Depancreatiz l ist short of diabetes. Exers 
Fasting. July 28, 1915 
0.090 | 0.102 0.071 1.46 | 74 | 38.1 | Blood before exer 
0.114 | 0.148 0.058 3.46 78 4.2 After 1 hr ( 
0.119 | 0.180 0.097 1.34 60 >t 0 t hrs 
Fasting. J od 
0.102 0.110 O.OS85 1.29 SO 21 8 Bh hef 
0.095 | 0.100 O.OS6 1.16 SI 360 After 2 hrs. of exer 
0.108 | 0.135 0.046 2.93 7° 39.9 ” resting 4 hrs 
t om rea ( rh } S rye (>) 
0) 0.078 0.1050.046 2.28 113 46.0 Blood before 
exercise 
0.1140.1400.086 1.63 120 18.0 After 5 min 
0 1300.168 0 091 L.S4 120 19.5 i LS 
0 1000.1250 O73 et 119 iS 0 sai hr 
Slight 0.1250.1470.084 1.75 111 4 
Doubtful 0. 1480.111 1 











rABLE XIV 
Dog B2-02. 


Very mild diabetes. July 13, 1915. 3 gm. glucose per kg. in 30 per cent 
solution subcutaneously. 





be & g z @ 2 _ > 
9; 8) 2] gs lels| 3 | Remark 
x Z z e |Eis) Z 
© v B = ais S = 
=} 8 2 B IAle| § i 
r per ] : Dp 
t t t ’ 
0.53 0.1020.1430 058 2.46: 102 {8 3) Blood after 1 hr. of exercise and 
before injection. 
5.00 0.2020 .242:0.154' 1.57) 106 | 45.5) After 2 hrs. of exercise. 
1.11 0.1090.1190.095 1.25) 80 2 i le - 
1.00 0.095 0.097 0.092, 1.05 100 15.0 = 5 
0.50 '0.1330.1670.076 2.20| 87 | 37.5 ™ es , , Fed 


bread and soup 
0 0.1079.1080.105 1.03 100 40.0 After resting all night. 


0 0.096 0.1000.090 1.11, 100 11.0 l hr. of heavy exercise. 


Mild diabetes. June 29, 1915. Fed 100 gm. bread. 





sugar 
lood sugar 
le 
Plasma sugar 


0 0 1180 1250.109 1.14 1038 1s 0 ‘ ad ( re ( i exer- 
CIS€ 
0 0. 1060.118 0.090 1.31 S3 13.2 After } hr. of hard exercise 
0 0.185 0.2280.120 1.90 95 10.0 " 1? hrs f rest 
| ) 0 0910 0910_091 1.00 QS 10.5 ™ ) = * exer 
! 
July 26 and 27. | ”) gm. s l g 
I suga 
( scle sugar 
without With exercise 
ox 
1.3 Before feeding 50 gm. glucoss 
1.6 oO 1} hr ter feeding 
| .4 | 4 } 
Lo boa ) 
576 








Mild diabetes. 


di ibetes. 


f 500 gm 





Bre il 


059 0 078 


O87 0 O87 


1210 .077 


1150 073 
143 0.13: 


1100.133 0.082 
1000 094 
109 0.093 
105 0.080 
1690 061 
143 0 


114 





i 
Dog B2-63. 
Nov 


feeding 

I g 
: J 
Z Z 
0 0 
0 0) 
0). 37 0 


O S5 0 


| 62 100 
1 06 120 
1.17 105 
| .o1} 125 
2.77 Ii 
125 110 

























' 


Severe diabetes and acidosis. Exercise, fasting. 


0.270 0.124) 2.18) 120 


0 20S 0.124 1.68 11S 


208 0.129 1.61 125 


0.322 0.204 1.58 94 
0.333.0.140; 2.38) 105 
0.305 0.187) 1.62 104 

Depancreat 

\ug. 6 
1100.106 1.04 SO 
OSS 0 068 1.35 ba 4 
HOS O O92 1.06 7s 
1O7 0 OSO I 0) 74 
125 0 046 r 70 
1120 OSO. 1.40 rhe’ 
rt 0, 1915. ¢ 1 al 
1540 071) 2.07: 107 


2710 19g > AN 104 
O50 125 2 36 100 
lOOO O71 1:41 =110 
HON 0 ON : ia (") 
wtene 70 «1 5 ) 





FABLE XVIII 
Dog B2-80. 


19.0 Blood before exercise July 23, 1915. 
».9 After hrs I ird exerecis 
0.5 Blood before exercise July 26 
> 6 After 1 hi I hard ¢ ( 
\ug. S 
5) 0 Before reise 
t) () \fter 101 } eXNe! 
61.0 re ng | ors 
64.5 ny ‘ exe! 
a3) f hrs. restil 





7 y 
Lit Ds- 

{ Ist = rt I 11a etes 

LOG { |, tasting 

»9g B } ( ' ’ } 

> ¢ Atte 2 I 

5 19 Fed 12 hr 
171A 
| ri I roatiure 

) 
, 
S . ’ G eton ch tube 

12 B r eding y x into ice } 
( | I Lite | 
51 , 

}4 } 

te ‘ 

6 } 
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and administration of glucose subcutaneously and by stomach 
ina goat. Tables XXIV and XXV show similar experiments in 
two sheep. The distribution of sugar between plasma and cor- 
puscles in these species is seen to be not greatly different from 
that in the dog. 
rABLE XX 
Dog B2-02 
Very mild diabetes. Cold and 3 gm. glucose per kg. | < e 
0 0.1180.095 1.24 110 | 56.0 Before feeding and g g in ice 
by 
Slight 0.22980.115) 1.98 104 | 54.0, 1 hr ifter feeding 
0 0.1150.073 1.58 100 | 54.0 , hrs 
0 0. 1000.065, 1.54 100) 52.2) 6 
0 1200.100 1.20 105 17 0 23 
Xl 
Dog B2-79 
Severe diabetes. Feeding of 1 kg. beef lung, Nov. 23, 1915 rm 
room, Noy. 30 in refrigerator. 
Pla sug 
Plas sugar. Corp le sugar ; 
Corpus s ; 
he 
Nov Nov Nov Ne Nov Nov 
3 sf) 23 sf) 3 0 
0.133 | 0.250 0.200 1.25 Before feeding. 
0.159 | 0.525) 0.108 0.256 1.47 | 2.05 | 4 hrs. after feeding. 
0.189 | 0.435) 0.159) 0.250; 1.19 | 1.7416 “ ” _ 
In the various preceding experiments, glucose and other foods 
were fed, and glucose also injected subcutaneously and intra- 
venously, and no special differences of corpuscle permeability 


were found with the different 
XXVI shows the distribution 


Table 


of sugar between the plasma and 


modes of administration. 
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corpuscles of sheep blood in vitro under 3 conditions: (a) Glucose 
was added to the oxalated blood in vitro, for observing its passage 
into the corpuscles; (b) the corpuscles were washed with 0.85 per 
cent NaCl solution and then suspended in this solution with addi- 


tion of glucose, in order te test the influence of the saline upon the 


rABLE XXII 
Normal Pon 3 


Weight 350 kg 


Urine F ‘ = 
R 2 |e &| < 
< “4 S| a 
Injection of 2 gm. glucose per kg. in 50 per cent solution intravenously, 
Nov. 11, 1917 
0 0.0860.0910.084 1.08 76 Blood before injection 
0.825 1.2500.305 4.10 45 5 min. after 
0.446 0.6750.258 2.61 55 15 
1432 «6.5.40 0.391 0.568 0.287 1.98 63 . hr. 
13 6.450.2040.2860.176' 1.62! 75 1} hrs 
0.090 0.077 1.17 ) 
0 0720.0770.070 1.10 75 ) 
Same dose. Nov. 20. 


0.1150.1250.112' 1.09 78 | Blood before injection 


0.715 1.1100.473) 2.35' 62.15 min. after 


1.240 5.050.5000.625 0.446, 1.70) 70 L hr 
2,725 | 4.7410.192'10.279:0.172) 1.62} 82 1} hrs 
0.1150.1190.114 1.04) 79 24 
O40) 2.150.0640.056 0.066 0.08 SO }; 


permeability; (c) the oxalated blood was diluted with the salt 
solution, so as to lower the concentration of sugar in the plasma 
and observe the passage of sugar out of the corpuscles. With 
reference to (b), the experiment of October 21 indicates that the 


salt solution altered the corpuscles in such a way as to cause them 



























0 


3.30 





6.00 





1.30 3 


a.m 


O5S 0 


O58 0 


OAT 0 


069 0 
062 0 


056 0 


O62 


0790 
056 0 
063 0 


0490 


053.0 


097 O 
1450 
1190 


130.0 
OSO 0 


0740 


OS4 0 


os UO 


092 0 
O78 0 
069 O 


OYS 0 


OYS UO 
O85 0 
OSS 0 


056 0 


066 O 


137.0 
1610 


152 


133 0 
1490 





040 
O14 


O12 


OLZS 
029 


035 


(24 


046 
009 
016 


039 


O34 


069 
126 
071 


126 
O41 
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X XIII 


Goat 1. 


Normal. 


Apr. 10, 1917. 
1 85 ked pan | OATS 
6 00) 37.5) 6 hi ifter feeding 
\pr. 11 
5 66 7 é 12.30 p.m (;iven s ibeut ine- 
sly 10 gi ru a4 n 10 per 
cent soluti 
>. 28 5.8 1 hr Lite niect 
2.69) 32.5) 3 hrs 
2 09 36.0 
\pr. IS 
{OS 49.1 Given by stomach tube 100 gm 
glucose II 1) per cent solu- 
tion. 
,.1ld 16.9 
9 44 34.5 
5.50 35.0 
1.44 41.2 
Apr. 23 
1.94 Given by stomach tube 500 gm 
glucose in 10 per cent solu- 
ti mn 
1.98 
1.28; 46.8 
2.13 41.0 Urine 98 ec sugar 2.71 per 
cent. 
1.05 42.3 





igaur 


0.067 


0.058 


0 O71 


0.153 


0.125 


0 O67 
0.054 
0.054 


0.065 
} 0.065 
0.077 
0.067 


0.161 
0.053 


0.071 


‘ 0.079 
1 0.059 


0.076 


0.131 
0.072 





0.072 


0 064 


0.096 


0.179 


O69 


O66 
055 


0.071 
0 O69 


0 OSO 


0.250 
0.072 


0.079 


0.102 
0.076 


076 


204 
0. OSS 


0.063 
0 054 


0.050 


0 O83 


0 093 


0.065 
0 041 
0.053 


0.060 
0.060 
0.072 


0.054 


0.099 
0.016 


0.046 


0.055 
0.049 


0.076 


0.081 
0.055 


l 
l 


l 


) 


l 


l 


I 


l 
l 
l 


IS 


11 


OO 


XXIV 


ABLI 


‘} 
sheep r 


Normal. 


.pt. 18, 1917. 
Blood before fee ding oats and h 
6 hrs. after feeding 


Sept. 20 


Blood he fore injecting 350 ce » per 
cent glucose solution subcutane- 
ously. 

> )6UOhrs itter injection 

5 

Sept >] 

Blood before feeding 20 gm. gluccse. 

5 hrs. after feeding. 

6 

Sept. 24 

Blood bef re Tee ling 50 gn gz S¢ 

t hrs. after feeding 

5 

et A | 


glucose 


Blood 


sube 


before injecting 20 gm 
utaneously. 


91 


33 hrs after injection. 


6) 
Oct. 26. 
Blood ucose 


subcutaneously. 


before injecting 20 gm. g 


3. hrs. after injection. 
5} “ce “cc ““ 


Oct. 29. 


Blood before injecting 50 gm. glucose 
subcutaneously. 
3} hrs. after injection. 


6 ““ “ “ 
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to contain less sugar. The result on November 14 was similar 
but less marked. The results under (a and c) showed the 
usual variability but on the whole resembled those zn vive, the 
corpuscle sugar concentration always running more or less below 


that of the plasma 


rABLE XX\ 
as/ié 
Normal. 


nf 


054 0.0620.043 1.44 48.3 Fed 50 gm. glucose. 


11.00 a.m, ( 





12.00 m 0 057 0.0690.039 1.74 40.3 1 hr. after feeding 
200 p.m. 0.058 0.0740.037. 2.00 438.4 3 hrs “3 
im * 0 058.0.0560.060 0.938 49.3 5 “* 

Oe 22 
11.30 I 0.051.0.1000.037 2.70 Fed 20 gm. glucose 


1.30 p.m. 0.0700.085 0.054) 1.57) 48.0 5 hrs. after feeding. 


0790.1120.031) 3.61) 41.1) Fed 100 gm. glucoss 
0760.1120.017 6.58 37.8, 4 hrs. after feeding 


11.00 : 


3.00 p.m. 





5on * 0 062:0_0740.050 1.48 38.3 6 
Dec. 28 
9.00 a.m. 0.0850.0930.081 1.15 67.4 9.15 a.m. Given subcutane- 


ously 43 gm. glucose in 12.5 
per cent solution. 

10.15 “ 0.1470.3320.050 6.66 65.7 1 hr. after injection. 

iLis |” 0.303 0.4350.215) 2.02 60.0) 2 hrs i 

12.15 p.m. 0.2860.4160.222 1 

215 “ (|§.2180.3700.004' 4.15 55.2;5 “ “ < 


» 2 sé“ “é “ 


87) 67.2/ 3 
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No attempt was made to determine the time required for pas- 
sage of sugar into or out of the corpuscles in vivo or in vitro, but 
essentially the same ratios of distribution were found when the 

rABLE XXVI 
Permeability of Sheep Corpuscle: in Vit 
a Corpuscle = 
t sugar. an =| 
ro si3 = 
3 & 3 Sle o 
= > ila}/24f]6 {"idi é 
Sept. 18, 1918 
Pp 
10.45 a.m. 0.067 0.072 0.065 0.064 1.1 60 lo the remaining blood a 
11 45 0.880.0.880 0.880 0.880 1.0 55 pinch of glucose was 
added and allowed to 
stand at room tempera- 
ture 1 hr. 
: Oct ah. 
= " 7 ye ; 
} 10.30 a.m. 0.067 0.078 0.0410.054 1.9 16 To the remaining blood 
i -~ — P ~ 
: 12 oO) p.m l 140 1 5100 6670 325) 2.3 14 0.1 Pin glucose was 
added and _ blood il- 
: lowed to stand at room 
: temperature 2 hrs 
12.30 “ 1) 910 1.5100 2860.098 5.2 13 Corpuscles of the 10.30 
a.m. blood centrifuged, 
washed with salt solu- 
, then made to 10 
| ce W it solution 
0.1 g glucose lded 
: Al wed t stand t 
; 
} r temperature 2 hr 
2 OO * 0 1610 2500 084.0 098 3.0 9 Bl taken 43 hi ifter 
2 00 0 OS? 0. 132.0 062 0 056) 2 subcutaneous injection 
f 50 gm. glucose Re- 
maining blood diluted 
1 with salt solution and 
allowed to stand 1 hr. 


































rABLI 





Corpus le 


sugal 
{ = 
ev - : 


0.065 0.132 0.065 0.056 
2.00 |2.78 \1.35 |1.41 


2.00 '2.78 |0.835)1.05 


169 0.217 0.0620 


0.077 0.1490 .055 


140.118 0.056 0.106 


between analvses were 
and XXII, or seve 


rest that ti! 
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XXVI 


igar 
rpuscle vol ume 


Plasma s 


Corpuscle sugar 


for 


122 


is governed 






To the remaining blood 
0.1 gm. glucose added 
and allowed to stand 2 

hrs. at room tempera- 


ture. 


Corpuscles of 11.30 a.m. 
centrifuged and washed 
with salt solution, made 
to 10 ec. with salt so- 
lution, and 0.1 gm. glu- 


a 
cose added 


4 hrs iter subs ne- 
ous injec I f 50 ge 
] 
Pitl¢ set 
R ) hy] iad ted 
vemaining | 1 ( ed 
+ with salt solution and 
allowed to stand 
Blood diluted ‘ 
S luti n iter § gy 
L hr 
y ’ ] t , 17 1° 
hil iL(> = J i s 
] } ’ 
in other tables Phe 
LOn Ol sugar be ween 
vy permeabili In al 
yilit etween thie vo 
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CONCLUSIONS. 


|. No specific alteration of the distribution of sugar between 
the blood plasma and corpuscles was found in experiments with 
different quantities and modes of administration of glucose, 
different degrees of pancreatectomy and diabetes, lipemia, aci- 
dosis, exercise, cold, or different levels of the renal threshold. 

a: The concentration of sugar in the corpuscles is normally a 
little below that in the plasma. The discrepancy in favor of 
the plasma generally becomes greater as the blood sugar rises 
These relations hold rood in the several animal species exam- 
ined, and in experiments in vivo and in vitro. The statement 
that in the declining stage of hyperglycemia the corpuscles retain 
sugar longer than the plasma was not confirmed. The concen- 
tration in the corpuscles rarely equals that in the plasma, and the 
finding of an excess in the corpuscles is probably to be interpreted 
as an analytical error. 

3. The term permeability as commonly used in relation to the 
sugar content of the corpuscles carries the idea that this is gov- 
erned by a partially permeable membrane surrounding the cor- 
puscle, and further that the solubility of glucose in the corpuscle 
substance is the same as in the plasma. This conception of 
permeability has received support from the assertions that. the 
corpuscles take up and give off sugar more slowly than the plasma. 
[It may possibly derive some support from the fact that washing 
in physiological salt solution changes the corpuscles in such a 
way that they take up less sugar, as reported by former authors. 
In view of the almost uniformly lower concentration in the cor- 
puscles, however, and the quickness of adjustment on this basis 
whether the blood sugar rises or falls, it seems a more probable 
assumption that the coefficient of distribution depends upon 
solubility, glucose being more freely soluble in the plasma than 
in the corpuscle substance, perhaps because of the lipoid content 
of the latter. 

1. Inasmuch as the sugar content of the corpuscles is subject 
to considerable irregularities from unknown causes and without 
known physiological significance, plasma analyses should be 
preferred to those of whole blood for experimental and clinical 


purpe Ses 








TISSUES OF THE RAT. 


SCORBUTIC DIET. 


By HELEN T. PARSONS. 


From the De partment of Chemical H jgrene, ¢ hool of H jqrene 


Health, the Johns Hoph ins University. Baltimo 


Received for publication, September 23, 1920 


5ST 








THE ANTISCORBUTIC CONTENT OF CERTAIN BODY 































THE PERSISTENCE OF THE ANTISCORBUTIC SUBSTANCE IN THE 
LIVER OF THE RAT AFTER LONG INTERVALS ON A 


One of the most striking features of the need of the animal 
organism for the group of unidentified food factors is the great 
dissimilarity which certain animals exhibit in their requirements 
as contrasted with the great similarity existing among others 
even more widely separated in the biological classification. 
example the guinea pig and the monkey have closely similar re- 
quirements for the antiscorbutic substance. On the other 
the two rodents, the guinea pig and the rat, differ most remarkably 
in this regard. <A diserepancy of this kind cannot but challengs 
investigation, because any light which may be shed upon the mat- 
ter may eventually offer a clue as to the nature of the function 
of the unidentified dietary essentials in animal nutrition, and 
since one of the main objects of animal experimental feeding is to 
obtain a basis for judging the nutritive requirements of other spe- 
cies with which experiments are not so easily conducted, 
understanding of any such pronounced differences in requirements 
as this is certainly to be desired. Several possibilities su 
themselves to explain the phenomenon. The antiscorbutie sub- 
stance may be normally absent from the tissues of the rat, because 
the rat may not need this substance for the normal functioning 
of its body. The rat may require antiscorbutic substance, 
be capable of synthesizing it. The antiscorbutic substance may 
pass into a modified form in foods on ageing, drying, ete. and this 


form may not be utilizable by the guinea pig but be utilized by 
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the rat. The rat’s requirement for antiscorbutic substance may 
be strikingly low. The rat’s requirement for antiscorbutie sub- 
stance ma approximate that of the guinea pig from the stand- 
point of metabolism, but there may be less waste of the substance 


due to a different rate of excretion, ete. 


the problem has been approached by Harden and Zilva (1 


ind by Drummond (2) from the standpoint of the susceptibility 
O oan antiscorbutie deficienev as exhibited by differences 
re ag Fee ae ae 

\ nel in antiscorbutie food was aa to, or withheld 

ron rified ration. Distinct differences were noted in favor 


antiscorbutic food and Drummond coneludes 


B, or antineuritie factor, (3) water-soluble C or antiscorbutie factor.”’ 


The following ration is one fed to rats by McCollum and 


R ; 
WI 64.0 
Caseir 13.4 
Dextri 12.8 
Salt mixtulr 1 8 
Butter 5.0 


[t will be observed that this ration is closely similar in its con- 
stituents to the purified rations of Harden and Zilva and Drum- 
mond except that the antineuritic factor is furnished by 64 pet 
cent of wheat instead of by the veast. Small amounts of the other 
dietary essentials furnished by the remaining purified constitu- 
ents of this ration, are also furnished by the wheat. Fully as 
excellent growth was obtained in rats by feeding this ration as by 
the use of the purified rations to which antiscorbutic food was 
added. Reproduction was also excellent. It is necessary, there- 
fore, to assume either that 64 per cent of wheat in this ration 
supplied the rat’s antiscorbutic requirement as completely as the 


orange juice or the treated lemon juice in the other diets; or 
that some other essential in the diet was supplied by or improved 
by the wheat addition. Until it can be proved that every indi- 














vidual factor in the purified rations 


by Drummond are optimum in kind and amount except the anti- 


; 1] Lea 

scorbutic factor, there may still be some room tor doubt whethet! 
l } ] } } 1 

the improvement resulting from the addition o il] urge 

; ] " | ’ + 

amounts of complex mixtures such as orange juice and tre ed 

i] 1 

| nr ’ ] ’ tit \ dur ’ ? “if } ] 


it Investig on Was planned to appr rhe yblem 

rol e standpoint of determining the antiscorbutic content « 
1 1 4 { } 4 
> body tissues, (1 when a typical seurv? alt va ed to 

, ye ta 

2) when the diet was hich in antiscorbutic substanes It 

was planned to test the antiscorbutie content by feeding the 1 
tissues or extracts of the tissues to guinea pigs 01 scorbuti 
diet. Investigators (4,5) had reported negative results in obtain- 


ing any beneficial effect when meat juice was fed to guinea pigs, 
so that presumably the rat muscle tissue might be indecisive fo 
the test. The amount of this factor in body organs was appar- 
ently not so well established. \ few preliminary experiments 
were therefore run with beef liver and pig liver, and the relatively 
igh content of these tissues in the antiscorbutic factor gave prom- 
ise that the rat liver would prove suitable for the experiment 


The rat muscle tissue was included in the experiment, howeve1 


because in the negative experiments reported by others the fresh- 
ness of the meat was apparently not insured and it was thought 


that since ageing plays such an important part 1n the destructio1 


of the antiscorbutic substance under certain conditions, this fac- 
tor alone might account for the discrepancy of results between 
guinea pig experiments and the experience of explorers and sol- 
diers (4, 6, 7). Also there was a possibility that if the presence 
of the antiscorbutic factor in muscle was demonstrated there might 
be a more pronounced difference between the two sets of rats in 
regard to the amount contained in the muscle than in the case of 
an organ usually containing a larger amount. Since it was easy 
to obtain fresh fish in the local market it was thought to be of 
interest to feed fish muscle at the same level of intake. In testing 
ior the antiscorbutie factor by means of oulnea pig feeding it is 
more nearly satisfactory to add the material to be tested to the 
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scorbutic diet from the beginning of the experiment and to deter- 
mine its effectiveness in preventing scurvy than to try to over- 
come it after the syndrome has developed. This, however, 
requires so much material, except in instances where the anti- 
scorbutic substance is practically absent, that in the present inves- 
tigation it was thought necessary to test the material by deter- 
mining its effectiveness in curing the symptoms of scurvy in the 
guinea pig. An arbitrary standard of 15 days of feeding the 
material to be tested was adopted, as this had been found sufficient 
to insure the disappearance of signs of seurvy when sufficient 
amounts of pig liver were fed. In some instances treatment dur- 
ing this full time interval was not adhered to because of the lim- 
ited amount of material. 


Production of Ex pe) mental Rats. 


Young rats about one-third grown were selected and fed for a 
period of from 213 to 247 days (depending on the time of using 
the individual rat for the experiment) on a soy bean ration simi- 
lar to that employed by Cohen and Mendel (8) and later modified 
by Givens and Cohen (9) 


Scorbutic Ration I 


Cooked soy bean meal 76.0 
NaCl » 0 
Ca lactate 3.0 
Dried veast > 0 
Butter fat 5.0 
Dried skimmed milk S.0 
Filter paper 2.0 


This ration was selected because it was desired to use one which 
Was adequate for the nutritive requirements of the rat over long 
periods of time, and which at the same time was a satisfactory 
diet on which to produce scurvy in the guinea pig. Guinea pigs 
refuse to consume a satisfactory amount of many of the complex 
rations on which the rat thrives, so that the range of suitabl 
scurvy-producing diets for use in guinea pig feeding is therefore 
narrowed. During 136 days of the feeding period 13 per cent of 
milk solids was incorporated in the ration. 8 per cent of dried 


skimmed milk was used, together with 5 per cent of butter fat to 
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replace the fresh milk used by these investigators. Attempts to 
autoclave the dried milk resulted in such a degree of carameli- 
zation that this treatment was abandoned. During 38 days at 
the beginning, and from 39 to 73 days at the end of the experi- 
ment (the variation due to the time of killing the animals), the 
dried milk was left out of the ration altogether, and replaced 
by an equivalent amount of soy bean meal to eliminate the slight 


source of antiscorbutic substance in the dried milk. 


Scorbutic Ration II Ration I thout Dried M 
( *ked v bean meal S4.0 
N al , 0 
Ca lactat { 
Dried yeast »>.U 
Butter fat 50 
Filter paper ; 2.0 


Prod ictio? of ¢ ont ol Rats. 


The control set of rats were full vTrown, vigorous rats which had 
been discarded from various experimental rations in the rat col- 
ony, and for a period of 18 days were fed a stock ration with 5 ce, 
of orange juice per rat per day toget he r with a water extract of 


the peel of oranges, added to the drinking water. 


. as — ‘ 
Feed ng ol Guinea Pias. 


Except in the cases where it was known that the guinea pigs had 
been fed on an abundance of succulent food immediately previous 
to the experiment they were given orange juice for a preliminary 
period of 2 days. A longer period was not deemed necessary 
since it was intended to produce scurvy in the guinea pig as a 
preliminary to testing the rat tissues. Scorbutic Ration II, 
described above, was used as the basal experimental diet. It had 
been found with many experiments with these soy bean rations 
that when the soy bean meal is heated just enough to destroy the 
raw taste but not enough to brown the product markedly, the 
ration was eaten greedily by the guinea pig, but it was found that 
even though the autoclave pressure and length of time of heat- 
ing given by Cohen and Mendel were strictly adhered to, the 
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results could be made to vary from this standard of cooking accept- 
able to the guinea pig palate, merely by varying the amount 
of meal that was put into the autoclave at one time, or the 
surface exposed, as in flat containers. This may account for some 
unsatisfactory results that have been reported by investigators 
when using this ration. With this proper degree of cooking 
always maintained the ration is eaten so greedily that the growth 
curves become a very helpful index of the degree of scurvy in the 
animal, for the stationary or declining weight of the animal is 
often the first warning of the onset of the syndrome and improve- 
ment in the symptoms of scurvy is nearly uniformly accompanied 
by an improvemé¢ nt in the curve of growth, the correlation of the 
two probably not depending upon any hypothetical growth- 
promoting properties of the antiscorbutic, but upon the fact that 
the guinea pig ceases to eat this ration when the symptoms of 
scurvy make eating painful and resumes eating promptly when 


the symptoms subside. 
Pre paration of Vat rial, 


The rats were killed by chloroforming, the day the tissues were 
used for feeding. The muscles used were those easily removed 
from legs and back. In order to make the most economical use 
of the material and feed it at a high average level, it was neces- 
sary for the amount of muscle used to vary somewhat from day 
to day, since the rats were not of uniform size. The muscle was 
reduced to a fine pulp with shears and extracted with distilled 
water for 3 hours by standing at room temperature. The residue 
from this was extracted again with distilled water for approxi- 
mately 22 hours by standing at ice box temperature. The quan- 
tity of water used was two-thirds the weight of the portion of 
muscle except in the ease of the two highest levels of feeding mus- 
cle, where it was found necessary to reduce this quantity on cer- 
tain days with a variation in the capacity of the guinea pig to 
consume these large amounts. In the case of the butterfish, as 
much of the muscle as possible was removed from the bones, 35 


gm. of this were weighed out, and an extract was made similar 


! Personal communication. 
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to that of the rat muscle. These water extracts were fed by 
means of a glass syringe. 

The given portions of the rat livers were weighed and rubbed 
through a wire sieve. This paste diluted somewhat with wate 
could be readily fed from a glass syringe having a large opening. 
\t times when the symptoms of scurvy in the guinea pigs were 
most severe it was necessary to strain out particles of the con- 
nective tissue with cheese-cloth as the least attempt at chewing 
appeared to produce much pain and a disinclination to take the 
material offered. 

The results of the experiments are recorded in Table I and 


Charts I to VI. 














CHART I 
GUINEA PiGS FED SCOR BUT IC RATIONIT WITH ] 
= : 
ADDITIONS OF IG LIVER SCORBUTIC RATIN TE 
PIGS. PERIOD 2. 10 GRAMS PIG LIVER DaILy LUSED 43 BASAL RATION IN 
2) PIGG. PFRIGD 2, 5 GRAMS PiG LIVER DAILY AL FOLLOWING CHARTS) 
= 
= 
3 | | Soy BEAN MEAL) 81,0% 
SODIUM CHLORIDE 3:0 
CALCIUM LACTATE 3.0 
} 4 
320 DRIED YEAST 3.0 
50 2 BUTTER FAT 5, 
00 j FILTER PAPER 2,0 
280 
260 
240 4 
220 
200 4 
180 
_— J 





Cuart |. The beneficial effects of feeding pig liver (Period 2) at suffi- 
ciently high levels to guinea pigs suffering from scurvy are shown. No, 
5 on 10 gm. of liver per day made a complete recovery, but although 
improvement in the symptoms of scurvy of No. 6 was noted, apparently 
5 gm. were not sufficient to insure the disappearance of the symptoms 
of scurvy in this time. The condition of scurvy in No. 6 was more severe 
than in No. 5, however, when the feeding of liver was begun. Although 
the pig liver was said to be fresh and not a cold storage product, the 
exact time that had elapsed since the killing of the animal could not be 


ascertained. 
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CHART IT 
GUINEA PIGS FED SCORBUTIC RATION IT WITH ADDITIONS OF) | | 
LIVERS (AND KIDNEY ANG SPLEEN) | OF RATS FED SAME RATION. 
2 pic 26 PERIOD 18 GRAMS LiveR KIDNEY AND SPLEEN DAILY. 
J PIG Si PERIOD 2 10 GRAMS LIVER DAILY. 
cc) PERIOD, 3 |S GRAMS LIVER DAILY. 
| P& 35 PERIOD 2 (|5 GRAMS LiVgR DAILY. 
280 | 
R60 
240 
220 
200 
180 
160 
140 
120 PIG SS 











Cuart II. This chart shows the beneficial effects (Periods 2 and 3) of 


feeding the livers of rats that had been fed a typical scurvy diet. In each 
of the three guinea pigs the symptoms of scurvy were severe and the 
recovery very rapid and marked. In the case of No. 20, the kidney and 
spleen of the rat were included with the liver to make the plane of intake 
higher, as it was very uncertain that there would be any considerable 
amount of the antiscorbutic substance in the tissues of the rats fed a 
diet in which it was so low. Towards the end of the experiment small 
rats were used and it was necessary to feed the organs of two rats instead 


} 


of one on each alternate day to make the intake average 18 gm. daily 
This high feeding on every other day produced on the last d: 


iV Oo the 
experiment a digestive upset in the guinea pig with diarrhea, loss of appe- 
tite, and rapid loss in weight. No traces of scurvy appeared on autopsy, 
however, so that the symptoms had no relation to a condition of scurvy. 
Owing to the limited amount of material, No. 33 was fed liver for only 11 
lays. On autopsy slight traces of the scurvy condition were still present. 


[hese would undoubtedly have disappeared in 4 more days of feeding as 
completely as in No. 31 which received 10 gm. for 4 days and 5 gm. for the 
remaining 11 days. Apparently 5 gm. of this liver per day was not the 
minimum amount which would cure scurvy in the guinea pig 
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CHARTINZ 
GUINEA PIGS FED SCORBUTIC RATION IL WITH ADDITION: 
OF LIVERS OF RATS WHICH HAD RECCIVED ORANGE THICE. 


Te) 
= PI¢é 27 PERIOD 2 5 GRAMS LIVER DAILY. 
S| Pie 34 PERIOD 2 3 GRAMS LIVER DAILY. 


PIG 








ment 


rations. 





pigs but the recovery seemed to be somewhat slower in No. 34. 


a cure in this length of time. 


Cuart III. The diet of these guinea pigs and those in Chart 
similar except that in Chart III the rats supplying the livers which were 
added during Period 2 were fed a large amount of antiscorbutic material 
in the form of orange juice for a period of 18 days previous to the experi- 
\ complete recovery was made in the case of both these guinea 


II where the rats supplying the livers had been fed the scorbutic soy bean 















Apparently 
3 gm. of this liver a day is nearly the minimum amount which will produce 
Compare these animals with those in Chart 
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CnaRT iv if 
GUINEA PIGS FED SCORBUTIC RATION IE WITH ADDITIONS 
OF WATER EXTRACT OF AUMLE OF RAT FED SAME DIET. 
2 PIG 26 PERIOD 2 WATER EXT. 38 GRAMS (AVG) MUSCLE DAILY. | 
SMG 21 PERIOD 2 WATER EXE 34 GRANS(AVG)AUSCLE DAILY. | 
ev PERIOD 3S 12 GRAMS | PIG| LIVER DAILY. 
320 t 1 
300; dina 
280} a — 
260} + + + + 4 
240) 1 } 
220} | 
200 
180 T 
160) } | 
140} 














Cuart LV. This chart illustrates the negative results in feeding guinea 
pigs water extract of the muscle of rats fed the soy bean diet. No. 21 
was not benefited by 5 days of feeding this extract and was so weak and 
helpless at the end of this time that it took the extract with difficulty. 
An attempt was made to revive it by feeding pig liver but this failed and 
it died with severe scurvy. 

No symptoms of scurvy had been observed when the feeding of No. 26 
with this same water extract of muscle was begun, but these developed a 
few days later, and the guinea pig showed severe scurvy on autopsy. It 
was not possible to feed the muscle extract to this guinea pig at the same 


high level of intake as to No. 24 (Chart V), as it did not cooperate well in 


taking such large quantities. 





























CHART IZ | | | | nes ae 
GUINEA PIG, FED S¢orBUuTIC RATION ID WITH ADDITIONS DF 

| WATER EXTRACT jor quscie OF RATS WHICH HAD RECEIVED ORANGE TUACE. | 
= 

< PIG 24 PeRIOD 2 Warek EXxTRACT 37| GRAMS MUSCLE DAILY. 
~) PERIODS WATER EXTRACT S55) GRAMS MUSCLE (AvG. WT) 


PERIOD4 WATER EXTRACT|9S | GRAMS /WUSCLE (AVG. WT) | 


320: + } 4 4 } 4 } 4 4 4 4 = 4 4 

300 

280 

- tad 
DAYS 


240 














Cuart V. This chart illustrates the effect of feeding a guinea pig water 
extract of muscle from a rat which had received orange juice. During the 
7 days it was fed approximately the same level of intake that Nos. 21 and 
°%6 received (Chart LV); the symptoms of scurvy grew steadily worse until 
the guinea pig was in a most miserable condition. However, it took the 
extract greedily so that it was possible to increase the amount fed. When 
the intake reached the equivalent of 55 to 95 gm. a day the symptoms 
improved, and the guinea pig was active and sleek when chloroformed. 
On autopsy, however, signs of scurvy were still present. Compare this 


chart with Chart IV. 








CHART UT 
© GUINEA PIG FED SCORBUTIC RATION If WITH ADDITIONS 
<=) OF WATER EXTRACT OF [MUSCLE OF BUTTER FISH. 
a) 
PIG 30 PERIOD 2’ WATER EXTRACT 35 GRAMS 
260 | MUBCLE | DAILY. 
240 
220. [ a j 
DAYS 
R00; } | 
180 t---+ 
160 sig +39 } ic { 











Cuart VI. For purpose of comparison the water extract of fresh fish 


muscle was fed to this guinea pig at the same level at which extract of rat 
muscle was fed to No. 21. No improvement in the symptoms of scurvy 
was noted, but on the other hand the condition of scurvy grew steadily 
worse so that the pig died before the 15 days feeding was completed 
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DISCUSSION, 


The rapid disappearance of the symptoms of severe scurvy, 
substantiated by postmortem findings and correlated with the 
resumption of eating and a rapid gain in weight, during the 15 
days (or less) when the guinea pigs were fed the livers of rats 
which had for a long period consumed a typical scurvy diet, leaves 
no doubt that this tissue with this history is rich in the antiscor- 
butic factor. It was, in fact, effective in relieving the symptoms 
of scurvy at such a low level of intake (5 gm. during a period of 11 
days) that, without the use of larger numbers of animals, it could 
not be said that the livers of the control set of rats which had 
consumed orange juice were richer in this factor. This similarity 
between the two sets of rats in their tissue content of antiscor- 
butic factor is not contradicted by the results in feeding the 
muscle although the results in this case are indecisive, since it 
was not possible during this investigation to feed both at the 
same excessively high level. These results are in agreement with 
the instance cited by Smith (6) of the Arctic explorer, Dr. Kane, 
who attributed his freedom from scurvy during a winter on ship- 
board in the Arctic regions to the fact that he ate the rats with 
which the ship was infested. The diet upon which these rats 
lived must have been very low in the antiscorbutie substance. 

This demonstration of such considerable amounts of the anti- 
scorbutic factor in the livers of these rats disposes fairly definitely 
of the first hypothesis stated; namely, that the rat may not require 
antiscorbutic substance for its normal metabolism. It seems 
entirely improbable that the presence of this factor in the bodies 
of these animals should be accidental, especially since the amounts 
in the bodies of the two sets of rats approximate each other so 
closely. A synthesis of this factor is indicated, both by these 
results, and by the excellent growth and reproduction obtained 
in rats by the feeding of such rations as Ration 223 B cited above, 
in which no constituent has been shown to allay scurvy symptoms 
in the guinea pig. Closely allied to this hypothesis of a synthesis 
is the possibility that the rat can utilize some slightly different 
inactive forms of the antiscorbutie substance into which the active 
form might theoretically pass on ageing, drying, ete., and from 
which it might be rapidly changed in such physiological proc- 


eSS@S As the sprouting of seeds. 
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An alternative explanation is that the rat has a very definite 
food requirement for the antiscorbutic factor but that this is 
quantitatively very small in comparison with the requirement of 
the guinea pig and has been met in this experiment by the content 
of the SOY bean rations used. This hypothesis might explain 
also the success of such rations as Ration 223 B. Some constitu- 
ent of this diet might presumably carry a sufficient quantity of 
the antiscorbutic factor for the requirement of the rat, but escape 
detection in the light of the much larger requirement of the guinea 
pig. But if this explanation is accepted it is surprising to find 
such an abundance of the factor in the bodies of the rats fed on 
the scorbutie Soy bean diet. It would be logical to assume that 
an extremely small requirement for a food factor would not 
necessitate the presence of a relatively large supply of that 
factor in the body of the animal. It is conceivable that the rat 
has acquired not only a lowered requirement but also a phenom- 
enal capacity to store the antiscorbutic substance through a 
biological adaptation to a food supply which over long periods 
of time is very deficient in this substance. It is not apparent 
what relation the presence of this factor in the liver bears to its 
abundance or depletion in the rest of the body. It is conceivable 
that the liver cells are so constituted that a considerablk supply 
of the antiscorbutie factor may be contained in them while at 
the same time the content of other tissues is below the level a 
which proper functioning is possible. It is proposed to test this 
point by determining also the antiscorbutic content of livers of 
guinea pigs suffering from scurvy as contrasted with the livers of 
normal guinea pigs. Until such a determination is made, the most 
probable hypothesis is to assume that such a strikingly large 
amount of the antiscorbutic factor as has been demonstrated in 
the livers of these rats indicates a satisfactory content in the 
body. It remains to be seen what amount of antiscorbutic sub- 
stance is contained in the tissues of rats fed over long periods of 
time on adequate purified rations, freed from the antiscorbutic 
factor as thoroughly as can be done in the light of our present 
knowledge. This freedom is difficult to insure, as the guinea pig’s 
requirement is so high that it is impossible to detect the presence 
of traces of antiscorbutic substance in their diet. In an otherwise 
purified diet the material carrying the water-soluble B might be 
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under suspicion of also carrying traces of the antiscorbutic agent. 
The work of Delf (10) makes it uncertain also just what degree 
of heating would be necessary to insure that no trace of this 
substance would be left in a treated food. 

Preliminary experiments of an investigation aimed to test the 
comparative amount of antiscorbutic substance in eggs and in 
newly hatched chickens appear to give some additional weight 
to the probability of a synthesis of antiscorbutic substance by 
certain animal tissues, or a utilization of forms other than those 


available to the guinea pig. 


SUMMARY. 


1. A high content of the antiscorbutic substance is demon- 
strated in the liver tissue of the rat not only after feeding for a 
short time on a diet rich in the antiscorbutie substance, but also 
after feeding over a long period of time on a typical scorbutic 
diet. 

2. These results are offered as an indication of the need for the 
antiscorbutic factor in the normal metabolism of the rat. 

3. Possible sources in the rat’s body of the antiscorbutie sub- 
stance, such as the presence of undemonstrated amounts in the 
food, utilization of a form not available to the guinea pig, and a 
synthesis of this factor by the rat’s tissues, are discussed. 
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In view of the fact that it is well demonstrated that certain 
species of mammals, as man, monkey, and guinea pig, cannot be 
adequately nourished on a diet which fails to supply a sufficient 
amount of the antiscorbutic substance (water-soluble C), whereas 
the rat can be nourished in a manner which at least closely ap- 
proximates the normal during a long period without more than 
possible traces of antiscorbutic substance, it is of interest to exam- 
ine other species.in order to find how general among mammals is 
their susceptibility to scurvy. 

We have, for example, seen young rats grow from weights of 
10 to 60 gm. to essentially the full adult size on a diet of purified 
protein, dextrin, butter fat, a salt mixture, and agar-agar, supple- 
mented with an alcoholic extract of 10 gm. of wheat germ per 100 
gm. of ration to furnish the factor water-soluble B. One group 
of such rats was but slightly inferior in appearance after 15 months 
on this diet. The possibility is not excluded that these animals 
received a small amount of antiscorbutic substance from the wheat 
embryo extract, but their diet was one which would not have 
supplied sufficient antiscorbutic factor to prevent prompt devel- 
opment of scurvy in a guinea pig. 

In the preceding paper Parsons! has discussed the problem of 
the source of the antiscorbutic factor in the livers of rats which 
were fed during long periods on diets which failed to afford any 
demonstrable protection against scurvy in a guinea pig. In the 
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present communication we desire to describe an experiment which 
shows that another rodent, the western prairie dog (Cynomys 
ludovicianus), behaves like the rat rather than the guinea pig. 
The prairie dog is capable of growing during several months and 
remaining free from any symptoms of scurvy on a diet which 
utterly fails to protect the guinea pig against this disease. 

In January, 1918, seven prairie dogs were secured from New 
Mexico through the courtesy of the Bureau of Animal Industry, 
United States Department of Agriculture. They were, for want 
of better facilities, kept in laboratory cages in a heated building. 
Two litters of young were secured, one of which was lost through 
accidental injuries to the mother. Two young from another litter 
were successfully weaned. These were employed as subjects in 
the experiment described in this paper. One died from digestiv: 
disturbances soon after the beginning of the experiment. 

Our purpose in using these animals for this study was to com- 
pare them with guinea pigs in respect to their susceptibility to 
scurvy. We sought young prairie dogs for this study because, 
like the rat and guinea pigs, they are rodents, and of approxi- 
mately the same size as the guinea pig. Furthermore, the diet 
of the prairie dog, at least during a large part of the year, consists 
of succulent grass rich in antiscorbutic substance. 

The animal which grew to maturity, and the growth curve of 
which is presented in Chart 1, weighed 18 gm. when 1 day old, and 
at the age of 62 days weighed 169 gm. At this age (Period 2) it 
was placed on a modification of the soy bean flour diet found by 
Cohen and Mendel* to be satisfactory for inducing growth in 
young guinea pigs when supplemented with a suitable source of 
the antiscorbutic substance, but incapable without such addition 
of protecting the animals against the prompt development of 
scurvy. The diet used was essentially like that of Cohen and 
Mendel, except that it was poorer in antiscorbutic substance. 
They included in their diet sufficient rich Jersey milk to furnish 
5 per cent butter fat. We replaced the milk in our diet by 5 per 
cent purified butter fat and soy bean flour. 

Although this diet would lead to the development of scurvy in 
the guinea pig in 2 to 3 weeks, the young prairie dog in our 
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CHart l. The long growth curve in the chart shows the h y! 


young prairie dog. Period 1 represents the period of nursing, to independ- 
ence in diet. In Period 2 the animal was fed a diet consisting of cook« 


soy bean meal 84.0, sodium chloride 3.0, calcium lactate 3.0, dried yeast 


+ 


3.0, butter fat 5.0, and filter paper 2.0 per cent. This diet contains 


little antiscorbutic substance to be demonstrated with a guinea pig. On 


this diet the animal grew during 6 months from a weight of 169 to 690 gm. 


\fter this time there was very little growth on this diet. There is the 
possibility that the hibernating instinct was in part responsible for the 


essation of growth which occurred about December 1. 

The animal was photographed at the point marked by an asterisk. Ir 
order to determine whether the cessation of growth was due to lack of the 
intiscorbutic factor in the food, 7 to 9 gm. of peeled orange were given 
laily during 3 weeks, but the animal declined 40 gm. in weight during the 
period. In Period 4 the orange was omitted and 1 per cent cod liver oil 
was introduced into the diet. This modification did not arrest decline. In 
Period 5 the diet was changed to a mixture of grains and dried buttermilk, 
and after 4 days 5 gm. of green grass were given every few days. On this 
diet the prairie dog began promptly to gain in weight and continued to 
grow. During the following6 months the animal grew from 604 to 1,195 gm. 
The behavior of the animal in Period 2 on a scorbutic diet shows that 
ls species is able to grow rapidly from nine to twelve times the interva 


I 
necessary for the development of scurvy in the guinea pig on the same 


diet. At no time during the experiment did the prairie dog manifest any 


\ mptoms of scurvy. 
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experiment grew well on it during a period of 6 months. At the 
end of this time it showed no signs of scurvy but became lethargic 
and had a poor appetite. This was probably due in part at least 
to its hibernating instinct, for the cessation of growth happened 
about December 1. By March 1, however, the animal was awake 
and active, but did not resume growth. In order to discover 
whether this could be due to the lack of the antiseorbutie sub- 
stance it was given 7 to 9 gm. daily of peeled orange. It did not 
at this time show any symptoms of scurvy. It declined about 40 
gm. in weight during 3 weeks while receiving the orange, which 
seemed sufficient evidence that the decline was not due to the lack 
of this dietary factor. The orange was then discontinued, and 1 
per cent of cod liver oil was included in the diet during the next 
12 days, but this change did not arrest the decline. The animal 
was then changed to a ration consisting of mixed grains and dried 
buttermilk, and was given small amounts of green grass at inter- 
vals of a few days. It began to increase in weight within a week, 
and at the age of nearly 19 months weighs 1,195 gm., whereas 
it weighed 700 gm. at its highest point reached while fed the 
scorbutic diet. At the time of writing this paper (September 21) 
the animal is again beginning to appear drowsy and takes less 
than the usual amount of food. 

The following explanations might be brought forward to account 
for the arrest in growth about December 1: (1) Lack of anti- 
scorbutic substance; (2) instinct to hibernate at this season of 
the year; and (3) some other fault in the diet. 

The first of these possible explanations seems satisfactorily dis- 
posed of by the failure of the animal to respond to 3 weeks feeding 
of orange juice. 

Givens and Cohen* found a diet similar to that of Cohen and 
Mendel, consisting of soy bean flour 76.3; milk solids 11.4; dried 
veast 2.9; paper 2.9; calcium lactate 2.9; sodium chloride 2.9 per 
cent, to be satisfactory for the growth of rats to maturity, but 
these rats failed to rear the young which were born. There can 
be no doubt that the food supply of our prairie dog, which was 
similar to their diet except that about 7 to 8 per cent of the non- 
fat solids of the milk was replaced by soy bean flour, was inferior 
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BACTO-PEPTONE 


The Original Standardized Peptone for 
Bacteriology. No other Peptone is 
so uniform in its chemical and 
Biological Constants 


PREPARED from basic materials carefully selected and 

wha eg under scientific methods of factory con- 

STANDARDIZED by precise chemical and bacteriolog- 
ical tests. 

ADJUSTED to give a definite H-ion concentration in 
solution. 

INDOL REACTION assured by a constant tophane 
factor, and gauged to a positive indication in 


twenty-four 


NITROGEN content never less than 15 in the form 
of molecules ideally adapted for bac 1 nutrition. 


to the U. 5. Military establishment and te foreign 
Governments. . 

MENTIONED favorably in current scientific literature 
by disinterested authorities. 


IN USE all over the world. 


Bacto-Peptone stands on its own merits and com- 
pletely substantiates all claims made for it 


Carried in stock by the principal dealere in Scientific Supplies. 


DIGESTIVE FERMENTS COMPANY 
DETROIT, MICHIGAN, U.S. A. 











